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T PREFACE

The Deep Ocean Technology Handbook of
"Electric Cable Technoloqy for Deep Ocean
Applications was prepared as a guide for
designers, engineers, and operating personnel
concerned with the deep ocean environment.
It is a compilation of engineering criteria
obtained from published sources, experimental
investigations, and consultations with
material suppliers and equipment manufacturers.
The Handbook is based on work performed under
the Deep Ocean Technology Program and is not
considered complete at the present time, but
consists of presently available information
which will be updated periodically. The
loose-leaf form of the handbook is for
convenience in incorporating subsequent
additions and changes. Additional information
on the effects of pressure cycling on initial
experimental samples of the cable constructions
proposed in chapter II will be provided in the
next issue of the handbook. It should be noted
that there is information in this handbook that
is common to various deep ocean cableI applications. The Bibliography is not intended
to be all inclusive at this time, and it too
will be expanded in the next issue of the
handbook.

This first edition of the Handbook of
Electric Cable Technology for Deep Ocean
Alications is published by the Naval Ship
Research and Development Laboratory, Annapolis,
Maryland, as part of the Deep Ocean Technology
Program, S4636, Task 12314, Work Unit 1-632-
104-A, "Underwater Electric Cables for Navy
Dsep Submergence Applications."
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NAVAL SHIP RESEARCH AND-ELABORATORY

x. HANDBOOK OF ELECTRIC CABLE TECHNOLOGY
FOR DEEP OCEAN APPLICATIONS

Complied and Edited by
Robert J. Forbes, Michael'A. De Lucia

and Samuel H. Behr

This handbook is based on the research and development
efforts of the following engineers of the Naval Ship Research
and Development Laboratory, Annapolis, ,Maryland:

G. J. Thompson G. Rodriguez

S. H. Behr B. Simms

R. J. Forbes A. De Leeuw*

M. A. De Lucia

Tht .Pr04,ram Manager is the Naval Ship Systems Command
(SHIPS 03424), and the Naval Ship Engineering Center (SEC 6158F)
is the Technical Agent.

i Content and Organization

Chapter I provides information on cible components that will.
-I Ibe useful in the selection of materials for deep

?" ocean cable designs. The chapter is subdivided into
sections on conductors, insulation and jacket
materials, fillers, and tapes.

Chapter II discusses the construction features required for
deep ocean cable applications and presents a
tabulation of proposed cable constructions and the
reasoning used in their selection.

Chapter III provides a list of cable requirements which must be
considered in designing for reliable deep

*Applied Science Laboratory, Brooklyn, New*York (retired).
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iF ocean performance. Advantages and disadvantages of
various cabling systems are discussed. Special
design considerations applicable to the construction

of deep submergence cables are also discussed.
Sections are included on electrical shielding,
electrical stability, cable/connector interface
problems, and compatibility.

I Chaptex IV contains a glossary of terms used in this handbook
and a collection of useful tables to aid the design
engineer. A list of applicable specifications and
a bibliography are included to provide direction for
furCher study.

"Methods of Updating and Revising Handbook

This handbook is designed to be periodically updated and
revised to reflect new information on electric cable.materials,
designs, manufacturing techniques,'and general technology gained
via the Deep Ocean Technology (DOT) Program. Maintenance and
expansion of the Handbook is the responsibility of the Naval Ship
Research and Development Laboratory, Annapolis, Maryland, in
coordination with the Naval Ship Systems Command (SHIPS 03424)
and the Naval Ship Engineering Center (SEC 6158F).

Pevisions to the handbook will be effected by the use of
page changes and additions. As the3 hangbook is published in
loose-leaf form, revisions may easily be made. A "User Comment4 Return Form" is included in the handbook as a convenient means of
obtaining feedback for additions or amendments. Individuals
within the Navy and the nonmilitary marine community are
encouraged to submit comments and additional data for future

t revisions of the handbook. Material received will be reviewed
and considered for possible inclusion in the handbook.
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INTRODUCTION

This handbook was prepared to provide engineering information
on outboard electkic cabling systems to designers, operators, and1 manufacturers of deep-submergence equipment. The contents of

ýhe andookare broad in scope 'to provide engineers and otherIinterested parties with both basic and advanced information on
such topics as cable component capabilities and limitations,
feasibility of cable designs and constructions, application
techniques, and installation procedures. This information is
intended to provide guidance for the proper selection of electric

Z I cables to meet the requirements and restrictions of use in the
deep ocean environment on vehicles that will be engaged in"A making repeated dives from sea level to great depths. This
handbook does not present cable termination techniques or
components such as connectors and penetrators. The handbook is
a composite of information and data obtained from literature
studies, laboratory experimental work, discussions with design
engineers, operators, and manufacturers of cable and deep-
submergence equipment, and cable engineering knowledge from
personnel of l1ng experience with Navy shipboard, submarine, and
underwater cables.

. The problems associated with cable, connectors, and
K •penetrators; the recurrent nature of these problems: and the

absence of basic data on environmental effects created the need
for this handbook. The technology concerning cables to be used
at relatively low hydrostatic pressure, such as present naval sub-
marine service, is well established. A new technology in cable
design is required to provide cables that will withstand sarvice
at maximum ocean depths. Included in the handbook are typical
problems encountered with outboard electric cables presently
being used in deep submergence applications and solutions to some

i 1of these problems to exemplify the unusual conditions encountered
in the deep ocean environment. Deep submergence equipment
constructed to date has had many different types of electric cable
problems caused by the use of cables made to commercial standards,
the use of proprietary special purpose designs, improper design,
and misapplication. Designing cables to meet the specific require-[ ments of deep submergence use is made diffiCult by the limited
"amount of background information and supporting technology. The

"• ,past demand for electric cables to be used outside the hull of
deep-submergence vehicles has bE~en too small to generate sufficientSI interest in developing such cables either by cable manufacturers
or by equipment manufacturers. The need for a comprehensive
program to develop a family of electric cables suitable for use
with deep-submergence equipment was initiated with the Navy's
expanding interests in deep submergence.

* Navy approved cables for deep-submergence applications are
needed to provide for reliable overall design and to facilitate

j } final certification and acceptance of deep submergence equipmert.
The concept of having a family of standard, approved, Navy cables
reduces logistic problems and provides a means of stocking cables'
to facilitate cable replacement and repairs.

iix



Periodic updating of the handbook is planned to keep the
document current as new materials or methods of solving cable
problems are developed.

BACKGROUND

Man's interest in exploring the ocean depths has always
existed, but it is only in comparatively modern times that the
purposes of exploration have been both scientific and practical.
It is important to the missions of the Navy to be able to operate
reliably at depths beyond the capabilities of modern submarines
and also to maneuver and perforn tasks remote to the outer hull
of an underwater vehicle. The; ope of operations for present
day deep-submergence vehicles, including the acquisition df
scientific data, the recovery of lost objects, and the exploration
of oil and mineral deposits, will expand greatly in the future
and be of prime importance to the underwater missions of the Nav,.

The majority of past and currently operational deep-
submergence vehicles were outfitted with limited electrical
equipment and relatively simple controls for maneuvering. The
more modern deep-submergence vehicle and planned future vehicles
will contain more complex and sophisticated electronic and
electrical gear which will require an extensive and reliable
outboard cabling system. It appears that the selection of outboard
cabling for current privately owned vehicles depended upon either
designer's personal choice or availability of materi.als and
includes single insulated conductors, standard commercial cables,
oil filled cables, welding cable, metal sheathed cables, and
hybrid cdD2ing systems. The cabling often required inspection
after each dive, Typical problent encountered with such cabling
included:

1. Incompatibility of insulation and jacket compounds
with presaure-compensating fluids.

2, Water penetration of cable jackets, ant' molded plug
termirati os.

3. Cracking of cable sheath.

4. Potting problem of plug molding compounds to cable
jackets and metal shell of plugs.

5. Conductor breakage at molded plug terminations.
6. Instability of electrical characteristics with

change in hydrostatic, pressure or with long-time immersion.

7. Breakage of braided shields with repeated cable
flexing.

8. Mechanical damage during vehicle servicing.

x



In the light of these problems a task was established under
the DOT Program tc develop a family of electrical/electronic
cables for use outside the pressure hull of deep-submersible
vehicles. This cable design Handbook, which is a comprehensi'e
review o, current state-of-the-art underwater cable technology
with a .roposed family of standard Navy cables, is the first step
in th,•t task.

x
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CABLE CO4PO EN MATERIALS

CONDUCTORS

I The publication "American Standard Definitions of Electrical
Terms" defines a conductor as follows: "A conductor is a so
constructed from conducting material that it may be used as a
carrier of electric current." The broadness of this definition
is of little use to a design engineer charged with the
responsibility of specifying conductor materials for cables. The
following discussion is presented to familiarize such engineers
with conductor materials in general and their applicability in
outboard cables for deep-submergence vehicles.

Copper has served as the principal electrical coaductor
material in Navy cable applications for many years but is by no
means the only one. Several Navy cables for special applications
have conductors of other metals, alloys, or composite materials.
Interested readers are referred to the bibliography section of
this handbook for a listing of the Various conductor specificationscurrently applicable.

There are many reasons for the popularity of copper,

including:

1. Excellent electrical conductivity.

2. High thermal coiiductivity.

3. Ease of fabrication.

"4. Reasonable strength.

c i 5. Ease of teamination.
6. Ability-to be alloyed and coated.

When copper conductors are specified it is common to require a
coating that consists of a thin layer of another metal. Tin or a
lead-tin alloy is most commonly employed in tnis application. The
main reason for this coating is to protect the copper from sulphur
or other ,,chemical compounds present in insulation materials which
may have corrosive effects on the copper. The coating of copper
conductors prevents the build-up of copper oxide at mechanical
(crimp) connections. The coating of copper conduc .ors also aids
-in the termination when solder conrections are employed. Tin and
lead-tin alloys, as previously mentioned, are most widely used.

4 K
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Table X-1
Properties of Conductor Materials

Tensile tivity
Specific Strength Elonga- micr hm-IConduct- Applications
Gravity psi tion % M - tivity I Requiring Remarks

Pure Metals

Idluminni 2.7 35,000 30-45 2.8264 67 Minimal sLow Modulus, High
Weight Coefficient of

Expansion, flick
Sensitive

Copper 8.99 35,000 10-35 T727- -- M Normal ;ExceLlent GeneralI Service In- Properties, Eco-
stallations I nomical

0,,7 ý 10u .10. I00,000 5.7 30 Flexibility Strength MemberI Strength for Stranded
_ __ __Conductor

Sodium 0.97 Virtually 14-43 4.88 35 Burial, Low Cost, Pre-
that of the essenger, sents Sodium Fire
insulati Supported Hazard

, _Aerial Wires

Copper Alloys

t Beryllium 8.23 58,000- 1-35 1.19 90 Strength, Relatively

Copper 200,000 Flexibility, Expensive
4 Noncorrosive,
Bronze 8.89 40,000- 3-47 3.6 48 Severe Rapid Flexing
(Phosphorusi 60,000 Service, Recovery

strength,
Flexibility

a um 8.89 .3,0002 -0-85 Hi g
Copper 90,000 Strength and

- Temperature
um 60,000- I-±.9-2.2 10-90 High 7 Easily Fabricat-

Chroailum I 110,000 Strength, ed, Compatible with
Copper , Temperature, Fluorocarbon

Flexibility Insulationd
and

SI __ _ " ._,Conductivity
Chromium 1

Copper 8.89 . ,000- ;1.5-2.8 2-3 58-86 Flexibility,
90,000 _ Strength

Tellurium 6.25- 40,000+ Strength, :Availability
Copper 8.89 Rsi Restrictedi ; ' iHigh

COTemperature-- Ur-conium 9p.27 'I56,=0 i 25 - 1.9 '90 Strength, Noacorrosive
Copper I Flexibility

Clad

Copper 7.8 100,000- 4.5-5.5 30-40 Strength
Covered 200,000
Steel _

Silver/ 9.0 150,000 WStrength, Noncorrosive
Nickel/ High
Copper Temp rature
Copper 77 Low Stren

Aluminu. Weight Low Flex Life,um, Susceptible to
Galvahlic Corro-Isie"

[~.Tin 17:34 4,000 11.ing 15:0 Corotesion Excellet:o•,5r.00() IProtection Solderabilit:y /

S...Lead 11.34 2,600 •122.5 7.8 JCorrosion Nominal "•

c3,300 - Protection SolderabilityS• . Zinc1.2 '7,000- 5.7 ' rb0 J orzsion ,
"I"i 30,000 _ Protection

Silver 10.6 42,000 5K.4 .105.0 High Expensive

Gold 19.3 18.000- r 19 7W0 Cooion Very Expensive
32,000 - Protection _ _-
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In higher temperature applications (above 1500 C*) silver coat-
ings are common. Table 1-I contains a list of additional coatings
employed in cable applications with properties, applications,
limitations, and general remarks on each material.

Where-weight and cost are critical design factors, aluminum
has been employed as a conductor with some sacrifice in el ctrical
condoctivityrI' Because of its relatively high ratio of con uc-
tivity to wight and low cost, aluminum has seen increasing use
in recent years in utility power line and aircraft applications.
Aluminum is characterized by good electrical and thermal conduc-
tivity, a density about one-third that of copper, and high resis-
tance to. corrosion. Ironically, aluminum's corrosion resistance
is a major problem when 'the metal is used as a conductor. j
Aluminum oxidizes immediately.after cleaning, and the aluminum
oxide which forms, while an excellent barrier for corrosion, is
ilso an excellent in-lilator causing high resistance connections.
Aluminum presents other termination problems. It is a relatively
soft metal and will cold flow. It has a linear coefficient of
qxpansion approximately 25%higher than that of copper and will
cause loose connections at copper/aluminum interfaces unless
special termination techniques are employed. Precautions must

also be taken at all copper-aluminhim junctions since chemical
corrosion of the aluminum will occur due to their relatively
wide spacing on the galvanic scale. Techniques such as plating
the aluminum or using special coating compounds have been
established to solve such problems.

Beryllium is a lighter metal than aluminum. It has good
electrical conductivity and high thermal conductivity.Comparafively high strength conductor wire can be made'from
beryllium for use in applications where light weight is critical.

It finds its greatest use in alloys, however, especially
beryllium-copper which 'provides a good combination of improved
strength and electrical conductivity. Many other alloys have
been used as conductors in specialized applications. Among the
most common conductor alloys are bronze (phosphorus), cadmium-
copper, cadmium-chromium-copper, chromium-copper, Tellurium-
copper, and zirconium-copper. Interested readers are referred
to table (I-1) for more information on the physical, electricalcharacteristics as well as typical applications, general remarks,

and limitations for these materials.

Composite conductors, including copper-covered steel, copper
clad aluminum, and silver-nickel-copper, have been successfully

*Abbreviations used in this text are from the GPO Style Manual,

1967, or MIL-STD-12C. 1968, unless otherwise noted.

1-30
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employed in applications requiring additional strength and long
flex life. As with alloys, however, composite conductors
increase periormance at a sacrifice in conductiv.ty. For
example, copper-covered steel wire will exhibit 100,000 to
200,000 psi tensile strength compared to annealed copper's
35,000 psi but with only 30%-40% of the conductivity. The
physical and electrical properties of representative composite
conductors are presented in table (I-1) along with applications
and general remarks and limitations on each iiaterial.

A conductor problem which has plagued early deep-submergence
cables has been conductor knuckling reported at the cable/
connector interface. initial reaction was to replace copper
with a high tensile strength material such as Copperweld 40% low
conductivity (LC) hard. Experiments performed at this activity
indicate that high tensi.Le strength will not guarantee improved
bending aad kinking life in the confinel space at a cable/con-
nector interface. The followinq tabulation, extracted from
laboratory data gathered on many alltys, is typical of results
obtained.

Tensile Average
Strength Cycles to Failure

4 Material K psi ending Kinking
Copper (standard annealed) 35 9.9 15.5

Copperweld 40% LC Hard 96 7 !i0 10.1 6.7

Conductor knuckling problems can be solved by improving
terminating techniques and plug design rather than incorporating
high fatigue life conductors. This should not be construed
to meap that alloy and composite conductors should not be

. considered in deep ocean cable designs. .These conductors are
being considered in applications where increased tensile strength
is required or a high degree of normal flexing service (other
than conductor knuckling) is required.

I Cable conductors can be made in either solid or stranded
construction. Solid (single-strand) conductors are usually
limited to applications where continuous vibration and flexing
do not occur. Examples of this type of service would be in
chassis hook-up wire or similar fixed installation. Solid
conductors have the advantage of lower cost than the equivalent

S I stranded conductor.

I ~Stranded conductors, are utilized in most Navy shipboard
cable applications to give them better pliability and longer
flex life. From a practical standpoint, stranded conductors
can offer longer service life than solid conductors. For example,

x-4
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if a solid conductor is nicked when being stripped in preparation
for termination, it will break after only a few bends of theKIT conductor. On the other hand, had the conductor been stranded,
chances are that only a few strands would have been nicked and 1

• 4) T the remaining would provide good service life.

The manner in which the members are twisted together is
"termed stranding. Several types of stranding are employed.
.$Bunch Stranding" (see figure I-i) consists of all the individual
strands twisted together with random arrangement of members.

BUNCH CONCENTRIC

1..

UNILAY CONCENTRIC

ROPE-LAY

Figure I-1
Types of Conductor Stranding

Bunch stranding has extra flexibility and is the lowest cost
method. "Concentric Stranding" (see figure I-1) is a geometric

f arrangement of the individual strands in a conductor. It normally
consists of 'helically laid strands with each layer direction re-
versed such.as 7 (6 around 1), 19 (12 around 6 around 1) strands,! etc. The advantages of concentrio stranding are its uniform
diameter and the absence of fraying or unraveling-of strands in

stripping operations. "Unilay Concentric stranding" (see figure
I-1) has the same advantages as true concentric, but it provides
for combinations of numbers of strands other than those given for
true concentric, and the successive layers are also all in the
"same direction. Unilay constructions have been employed in
applications that require twisting of conductors. "Rope Stranding"
(see figure I-1) consists of a central stranded core surrounded
by one or more-layers of helically laid groups of stranded cable.
Rope constructions have uniform diameters and are more flexible

>"* han true or unilay concentric stranding since, generally, they
6 ~ are ilade of finer sizes of wire.

I-5
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` 4"1For a given conductor size, increasing the number and
reducing the size of the strands would increase the overall
flexibility of the conductor, as well as reducing the possibility
of conductor breakage due to column loading within molded-plug
terminations. In specifying a size and number of strands the
designer must cons-der the final application in which the cable
must perform.

1? Table 1-1 is presented as a summary of the properties of
conductor materials. Commonly used conductor materials as well
as those less commonly used, special application alloys, and
composite conductors are included. Electrical and physical
properties, applications, general remarks, and limitations are
also ptesented.

4 INSULATION AND JACKET MATERIALS

When faced with- the problem of selection of a primaryI insulation or jacket material for cable, the design engineer. might
well feel that the task is insurmountable. Unlike the cad' for
conductors, where the material (except in special applications)

j is copper., the selection of compounds and formulations for modern
dielectric materials is seemingly unlimited. The use of the same
material as insulation or jacket material in different applications

4 •further complicates the problem. The attempt in the follo'ing
paragraphs is to present an overview of the present state of the
art of insulation and jacket materials with particular emphasis
on potential candidate materials for deep ocean cable designs.

4 Insulation Materials

The following is a brief discussion of the formulations,
advantages,, limitations, and applications of the most commonly

f 'employed primary insulation materials in modern cable designs.
It is noted that some materials listed are also employed as
jacket materials in special applications.

c Butyl Rubber (.Isobutylene-Isoprene). This is a
polymer of isobutylene with small amounts of isoprene. When
properly compounded, butyl rubber is characterized by excellent
resistance to oxidation and aging, exceptional ozone resistance,
and very good electrical properties. Resistance to moisture and
chemicals is also good, but it is alkali-sensitive and may revert
under hot, wet, alkali conditions. Applications include low- and
high-voltage power cables, apparatus and equipment leads, control
cables, and various other cables. Butyl rubber is employed by
the Navy in composite jackets for outboard submarine cables. It
is used as ,the inner layer of the composite jacket because of its
good electrical properties and moisture resistance and is jacketed'
with polychloxoprene for physical protection.

I-6'



o Ethylene-Propylene Rubbers (EPM, EPDM). These
materials offer excellent resistance to ozone and weathering,
good low-temperature properties, good-to-excellent heat resistance
"and high-temperature properties (121-149° C), excellent electrical
properties, good stress/strain properties, fair-to-good tear
strength, and poor-to-fair oil resistance. Ethylene-propylene
rubber compounds have excellent c6rona resistance and in some
applications are replacing polyethylene insulation for cables
subjected to high voltages. They are used by the British Nav.-
as primary insulation in Navy cable applications.

o Fluorinated Ethylene Propylene (Teflon-FEP). This is
similar to polytetrafluoroethylene (PTFE) (described later) b.:
has a melting point abofit 500 C lower and has slightly differein
physical properties. It is more easily processed than PTFE. Heat
resistance and chemical inertness are outstanding. This material
will likely be used in increasing amounts where requirements are
severe. Present Navy use of FEP is chiefly limited to the di-
electric material in high-temperature coaxial cable applicaticns
and hook-up wires. Limitations on FEP are its cold flow charac-
teristics and relatively high cost.

o Mineral Insulation (MI). Mineral insulated cable
consists of one or more conductors surrounded by compacted
magnesium 9xide insulation and enclosed in a liquid- and gas-
ticght metallic sheathing. Because the construction is completely
inorganic, the cable is very heat resistant and inert to most
environmental conditions. MI cables have seen limited use in
deep-submergence applications. They represent a most rugged
construction but are most costly in installation and terminati:n.
They are generally of single- or parallel-conductor construct.:n
which may present electromagnetic interference problems in scz.-.
applications.

Q Natural Rubber (Isoprena). Rubber by itself is
lac4ing in !many properties rs-,,ired of wire and cable insulating
and jacket ng materials. However, by proper compounding and
mixing wit other products, it can be converted to a material
with excellent physical properties, good electrical properties,
and fair- o-moderate ozone and chemical resistance. Its use b%
the Navy ias been restriuted by possible logistics problems
during ti ies of national emergency. Polyisoprene rubber, which
is a 4ynt ietic rubber ha.ing properites similar to natural ruhier,
is availole for wire and cable applications and has more unifzmna• i properti s than natural rubber.

Kc Nylon. The electrical and hygroscopic properties

of nylonilimit its naval use to jacketing rather %an primary
""insulati n. Nylon extrusions are characterized by) toughness and
excellent oil rdsistance. Nylon has been used as a jacket over
the primary insulation on several Navy shipboard cables to prcvide
resistance to scraping and abrasion and to oil dnd hydraulicfluids.

I-7
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a Polyester (Mylar). This film tape is used as a sepa-
tect insulations from the penetraticn of saturants or plasticizers.

Generally, the polyesters are charadIerized by an excellent balance
of strength, electrical, and thermal properties. They contribute
to considerable space saving in coimunication u, other wires and
cables. Although polyester tapes have served the Navy well in
shipboard applications, their use in dpep ocean cables must be
with extreme caution since tapes of any material can lead to voids,
which must not occur in undersea cable constructioi.ýs. Heat-
sealable tapes of mylar (alone or in combination with other
material) have been used tio' reduce moisture penetration.

So Polyethylene. A variety of tapes of polyethylene are

used in wires and cables. Polyethylene has excellent electrical
properties for wire and cable insulation plus solvent resistance,

J moisture resistances light weight, and low brittle point. Poly-
ethylene is used as an insulation 1r jacketing material for hook-up
wirej coaxial cable, comuku~ication cable, high-voltage cable, etc.
SConentional polyethylene has two major limitations - it supports
c nbustion and has limited pliability. Flame retardant types of
polyethylene are available and are similar in most properties to
Sconventional polyethylene. High density polyethylene is similar
to conventional polyethylene ^with some improvement in physical
toughness.

Copplymers of ethylene-butene resins are in the high-density,

low-melt index range and have very high values for environmental
stress cracking resistance. Chlorinated polyethylenes are produced
in a wide range of elastomeric to rigid polymers. They impart
flame retardance and flexibility to blends with polyethylene. The
use of chemically cross-linked filled polyethyiene is growing.
The cross-linking converts polyethylene from a therzaoplastic to a
matbrial with thermosetting properties. Properties are quite
similar to conventional polyethylene except for a significant
improvement in heat resistance, mechanical properties (including
toughness and abrasion resistance), aging characteristics, and
freedom from environmental stress cracking. Fillers and other
compounding ingredients can be incorporated into cross-linked.
polyethylene without materially degrading low temperature or
physical properties. Polyethylene can also ýe cross-linked by
irradiating. Advantages are similiar to those of the chemically

° cross-linked material, but the process is generally limited to
thin-wall insulations if fair uniformity of cross-link density
is desired. Polyethylene has been widely used as primary in-
sulat'.on on Navy communications cables (telephone and coaxial).

0o The British Navy has also used it as a jacket material in
submarine cable applications.

a Polypropylene. A numbeý: of the same family as
Pplyethylene, polypropylene is the newer of the two. It is
similar to polyethylene but is lighter and offers even better
heat reasistance, tensile strength, abrasion resistance, and a

X-8 I



lower dielectric constant. Polypropylene is. susceptible to
metal ,poisoning, but wire-covering grades can be formulated to
overcome this problem. Since copper will degrade the electrical
properties, and in some instances crack polypropylene, it is-

• •_°Jt!i °'•advisable to use it over tinned copper conductors. Polypropylene
_-A -'constructions are limited to relatively thin ,wall extrusions.

"It has been used by the- Navy in the variable depth tonar (VDS)
tow-cable design which called for toughness and goode electrical

0.. •properties in a thin wall insulation..

o Polytetrafluoroethylene .(Teflon-PTFE). This is the
most thermally stable and chemically resistant of all carbonaceous
insulating compounds. It is unaffected by sunlight, moisture, and
practically all chemicals. Its temperature range is -90q to
+2500 C, and its electrical properties are very constant over this
temperature range and a wide range of freq4encies. Insulation

• '1 may be applied by extrusion,, taping, dip-coating, and, when
another material is used, by dispersion coating. Corona-resistant
modified PTFE compositions are available. .PTFE is used for both
primary insulation and-extruded jackets., The addition of aSpolyimilde jacket ovrtePF nuaingreatly improves .

resistance to gbrasion, penetration, and cut-through. As with
-: ' FEP, limitations include its cold flow characteristic and relative-

ly high cost.
" Polyvinylchloride (JVC). This material is wi6eiy

used for primary wire insulation or jacketing on Navy 6ables.
Many different formulations are available, including grades for
high temperatuTes, low temreratures ,,: flame resistance, and

•;4i• "deformation resistance.' Dielectric strength is-excellent'ahd
flexibility is very good, Some formukations may have limitations"A I hen toughness, moisture resistance, ankd resistance to chemicals .'.

, are considered, However, proper compounding can tailor these

< I properties, generally, to meet the requirements of the application.,
S-PVC is probably the imost, versatfile of the lower-cost conventional-

temperature wire ihsulations.

o. . Styrene ButadieneRubber (SBR). This copolymer
synthetic rubber is characterized by good electrical pzoperties
and moisture resistance, Ozone resistance, physical properties,

o 4 and chemcial resistance are generally , improved by blending with
2 other materials. SBR is used 'by the Navy as primary insulation in

~ ,. applications requtiring good moisture resistanbe.

<' K- *' Silicone Rubber. Silicone rubler extrusions offer
retention of good electrical properties, resilience, and flex-

. . ibility after long-time heat aging in high-temperature applica-
°o , .~tions. Excellent ozone resistŽance, low-temperature flexibility,

Slong life, 'weather resistance, radiation resistance, aiwd corona
"resistance are other characteristics. Resistance to abrasion,
oils, solvents, and strong acids is relatively poor. These

4 deficiencies are compensated for in Navy applications by extruding
a nylon jacket directly over the extruded silicone• rubber

0, 1-9
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j insulation. One of the most desirable characteristics of silicone
rubber is that when burned it produces a. silica ash which, in
insulating value, is far superior to the ash of other materials.
Silica ash, held in place with fiber glass braids, will continue
to function as insulation satisfactorily imntil the conductors
can be replaced. This chara6-eristic provides cables that will

N operate during shipboard fires. Its radiation resistance is
superior to other alternative high-temperature materials. For
this reason it is also used as both insulation and jacketing on
nuclear reactor cable applications.

4 °Jacket Materials

The following is a brief discussion of the formulations,
advantages, limitations, and applications of the most commonly

* • employed jacket materials in modern cable design. Again it is
noted that this list is not all inclusive since some previQusly
listed insulation materials are employed as jacket materials.
Silicone rubberwhich is employed as jacket and insulation in
nuclear reactor cable applications, is an example in point. While
both jacket and insulation are classed .as silicone rubber, they
are comhpounded differently to provide the essential functional
properties of the component. Materials normally employed as
jackets include:

" o ,Chlorosulfonated-i-olyethylene (Hypalon). This
,vulcanizable material has good electrical properties and excep-

tional resistance to ozone. It has very good resistance to
oxidation by sunlight, weathei, chemicals, "and relatively high
temperatures. Although resilience is generally lower tfan that

A] of niturral and synthetic rubbers at room temperature, it is equal
or better At lOu0 C.* It is relatively resistant to oils, flame,
and moisture. Hypalon is uted extensively as jacket material
for unarmored shipboard cable by the British Navy. It is also
beinqg considered for the samc. use in Uhited States Navy shipboard

A applications.

"o o Nitrile-Butadiene Rubber (NBR). This material is
* •also known as nitrile' rubber. Specific properties depend on the4 actual composition, but generally this rubber offers excellent

resistance to oils and solvents. Low-temperature flexibility is
good. Nitrile rubber has a very low resistivity value. Tensile
strength, hardnqss, toughness, oil and solvent resistance, and
resilience vary/with the acrylonitrile content (the rubber is the
rpsult of the copolymeriz~tion of acrylonitrile and butadiene).
A blend of nitrile rubber and polyvinyl chloride (NBR/PVC),
commonly used for oil and ozone resistant jacketing, offers

"I • toughness, smoothness, flame resistance, flexibility, and
resistance to abrasion and heat deformation and gives outstanding
service when exposed to weather, light, fuel oil, or ozone.
NBR/PVC ,is employed in unarmored shipboard Navy cal e
applications requirin7 extremely tough jackets.

S1-10
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, Polychioroprene (neoprene). The physical properties-
>• •of neoprene are similar in som respects to those of natural

T rubber, but it is considerably better from the standpoint of
resistance tp oil, ozone, heat, 'weather, sunlight, and aging.
Pr9perly compounded neoprene does not support combustion and
resists abrasion and cutting. It has been widely used by the
Navy as a jacket material fo- outboard submarine and shipboarda!•>• cable applications. Polychloroprene spec'ifically compounded for

+•o I. low-temperature operation is commchly referred to as arctic+• neoprene.

1 o Polyethylene. See description under Insulation
Materials. *

0 Pol~r' 4 hane. This material is generally noted for
excellent tensile st ngth, tear strength, and abrasion resistF-ae.:14 Resistance to ozone and heat aging is good and solvent resistance
is generally very good. Polyurethane is available in two basic

types - polyether and polyester. Some polyester urethanes tend
_ I to revert to the liquid state under the combined effects of 1ime,

heat, and humidity; for this reason the polyester types are/ot
recommended for deep-subme;gence use. Polyether urethanes are
included in the various cable jacket materials being investigated
by this activity for deep. ocean use.

Discussion of Insulation arid Jackec Materials S

In general, dielectric materials can be divided into two
broad and basic categories - thermoplastic and thermosetting.
Most modern dielectric materials are +composed of variations
from any of 14 or 15 types of synthetic rubber polymers

S(thermosetting) and from 7 or 8 synthetic thermoplastics. These
synthetic materials are specifically compounded to exhibit an
optimum balance of electrical, physical, and processing properties

°L for specific end uses.

Thermosetting materials are generally characterized by their
"memory" characteristics (i.e., the ability to return to original

-* shape and form after being deformed within limits). Generally,
thermosetting materials do not exhibit heat softening and
consequently will not drip, flow, or deform appreciably during

S* . exposure to heat (external or internal due to electrical overloqd).
A wide range of physical aad eiectrical properties can be

• + compounded from the same basic polymer. Electrical insulating
y and jacket materials including the thermosetting category are:

natural rubber, synthetic natural rubber, styrene - butadiene
rubber (SBR), polybutadiene, polychloroprene (neoprene),
chlorosulfonated polyethylene (hypalon), nitrile-butadiene rubber
(NBR), ethylene-propylene copolymer (EPM), ethylene-propylene
terpolymer (EPDM), isobutylene-isoprene copolymer (butyl), and
ýsili',.=e rubber.

... ..............
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4Natural rubber, synthetic natural rubber, SBR, nd poly-
butadiene are used interchangeably, and/or in blends with each
other, as both insulation and jackets. Ozone resistance in this
group is generally poor but can be improved with antiozonant and
wmicrocrystalline wax additivies. The additives however, usually
impart staining characteristics to the compounds. Natural rubber
also pbows a tendency to soften, with long-term heat aging, while,
with the synthetic polymers, the opposite is true and the
compounds harden. Butyl polymers are employed as insulating
materials in high voitage applications because of their excellent
ozone, corona, and moisture resistance. EPM and EPDM rubber also
have excellent resistance to ozune and corona effects. Nitrile
or NBR is used primarily where resistance to petroleum oils,
gasoline, or heat is required at some sacrifice in electrical
perf6rmance. Si'icone rubber compounds have severa1?outstanding
properties which make them ideal where resistance to both
extremes of certain environments is desired. Such properties

( include: resistance tj heat and oxygen at room temperatures of
2600 C. and above; flexibility at temperatures of -73* C; good
electrical properties such as corona resistance at high
temperatures; and resistance to weathering, ozone, and many
chemicals. The dis+dvantages of silicone rubber compounds are
higher cost, and generally poor .resistance to tear and abrasion
(although modern formulations show improvements).

Thermoplastic materials form the second major category of
electrical di~electric materials. They are characterized by
excellent electrical characteristics and relatively lower cost.
In general, a thinner of th~moplastic insulation is required,
to provide equivalent electrical properties, than of thermosetting.
types. This will usually result in a, smaller overall cable
diameter for similar electrical performance. It is possible to
formulate several variations of the same thermoplastic compound,
and most are available in a variety of grades so that specific

,service requirements can be met. In general, these materials are
thermoforming in that they heat soften and flow under mechanical
pressure, then retain their deformed shape after cooling or
removal of the mechanical force. Commonly employed materials in

--the thermopiastic category include: polyvinyl chloride, various
grades ,of pplyethylene, polypropylene, polyurethane, nylon, and
Teflon.

PVC cox aounds exhibit excellent dielectric and mechanical
str•agth; flexibility; and resistance to flame, water, oil, and
abrasion. They are also relatively low in cost and easy to
process in cable plants. Polyethylene and polypropylene are used
in many electronic cables where superior electrical characteristics.
such as low dielectricctmistant and low power factor are needed.
Polyethylene also has the ability to bend at low temperatures
without rupturing, is generally chemically inert, and has
excellent resistance to water absorption. Polypropylene has

A •excellent abrasion and heat resistance but poorer low-temperature
flexibility. Polyurethane compounds are employed in applications

4 .---.. . .' -l- . .



requiring improved physical properties and abrasion resistance.
They also exhibit resistance tb certain chemicals (such as

I phosphates) which attack many insulation materials. Fluorinated
thermoplastics such as Teflon exhibit superior characteristics in
nearly every quality desired. However, high cost (and difficulty
to process in cable plants) have restricted their use to special
applications. The most prominent quality of Teflon is its wideI operating temperature range, from -65* C to 2500 C.

The properties cited above are by no means inclusive of ,all
considerations which must be given in the selection of insulation
matrials for deep ocean cables. Other factors include tensile
strength, weight, strippability, compatibility, and of course,
cost. NAVSHIPRANDLAB Annapolis has extensively reviewed the
-available insulation and jacket materials in its efforts to
develop a family of standard7 cables for deep-submergence vehicle
applications. As a result of this effort certain insulation
materials and jadkets have been selected. The insulation mate-
rials considered most suitable for initial deep-submergence cable
constructions include: butyl rubber, ethylene pzopylene rubber
(EPR), chemically cross-linked polyethylene, and polypropylene.

STeflon, which exhibits some problems with cold-flow, will be
considered only where special applications warrant. Nylon will

4 be considered, not as a primary insulation but as a thin extruded
jacket over the insulation to afford abrasion resistance.

Those jacket materials considered most suitable for initial
deep-submergence cable constructions include: butyl rubber,

i4•! I polychloroprene, polyurethane, and hypalon%.4 'It is noted that butyl rubber will not be considered as a

jacket material, per se, but in a composite.jacket with
polychloroprene as in present Navy outboard ýubmarine cable.

Tables 1-2 and 1-3 are presented to s umarize the properties
of ifisdlation and jacket materials, respectifely. The tables
contain detail-d technical data on the materials discussed here

-as well as others commonly used, but not presently being
* • " considered, for deep ocean cable design. Mcst of the materials

listed in table 1-3 are commonly used for cable jackets; the
exceptions are nylon and Kynar, which are c•mmonly used for
jackets over the insulation of single condu tors or groups of
conductors. As used inr tables 1-2 and 1-3, the relative terms
"good" and "fair," et cetera, reflect gene ali acceptance in the
field of electrical materials rather than ualitative, laboratory-
established indices of merit.

ii }.. F1ILLER

S -4 The term filler as used here refers to a cable component
locAted in the interstices between groups of cabled circular
insulated conductors (core filler) and in the interstices of

,,, stranded conductors (strand filler).

1-13
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The discussion on'fillers for deep-submergence cables will be
limited to plastic (puttylike) and elastomeric types. Commonly
used fillers such as jute and asbestos ropes are not considered
suitable for deep-submergence applications where it is required

~ .. that there be no air voids within the cable or any of the cable
components. The filler selected for use between insulated con-
ductors within deep-submergence cables was an elastomeric type
rather than the plastic type. Elastomeric compounds have the
property 6f returning to their original position once any external
force is removed. Plastic filler compounds, on the other hand,
are puttylike, similar to caulking compound, and will migrate

4 within the cable core when subjected to repeated applications of
A• external forces. Fillers are used within electric cables for

the following reasons:

1. To provide more stable electrical characteristics
by preventing excessive derangement of the insulated conductors

• "when subjected to external pressure.

2. To provide a firm, circular, cable cross section.

44 3. To eliminate air voids which would allow conductor
movement within the cable core as the external pressure is varied.

4! 4. To prevent longitudinal water leakage along the
cable core, in case of jacket rupture. If the cable jacket
should be ,ruptured but the conductor insulation remains undamaged,
the filler would prevent water from traveling to the connector
and shorting out the pins.

In cables having larger interstices between conductors, rods
! oof elastomeric materials may be used to partially fill the void

and reduce the quantity of uncured elastomeric filler required.
The uncured filling compound applied during the cabling operation
will cure to a rubberlike material either with time at room
temperature, or with the heat applied during subsequent jacketing

$•. operations. In choosing an elastomeric filler material, consi-

deration must be given to the following:

1. Compatibility between the filler material and the
insulating and jacketing compounds used in the cable.

2. Physical properties of the filler material through-
out operating-temperature range of the cable.

3. Hardening or stiffening of the filler material

with age or under pressure.

4. Low compressibility or bulk modulus.

TAPES

Materials in tape form are used in the fabrication of
electric cables for four general purposes: insulation, separators,

1-17
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bfnfder, and jacket reinforcement. .Tapes in general, are
considered a poor choice as a component for deep-submergence
cableLs in that a wrapped configurationt of material is difficult
to apply void-free. The requirement that deep-submergence cables
be constructed void-free has led to the use of extruded insulation
rather than multilayer taped insulation.

However, the main use anticipated for tape material in deep-
A submergence cables is either as a binder or as a jacket reinforce-
A i I ment. In either case a rubber-filled cloth tape should be used.

The rubber should be bonded preferably to the jacket material to
provide a homogeneous construction.

Separator tapes are used to isolate incompatible cable
components and may be applied either under or over the insulation,
or over the grouped conductors. Separator tapes are applied with
a lap to provide complete coverage df the underlying components.
They are generally made of a plasticfilm that will serve to
prevent the migration of an ingredient of one cable component to{ - another when such migration will degrade the physical or

ý_ Ielectrical properties of one of the cable components. Where
possible, only compatible components should be used in the fabri- -.
cation of a complete cable to avoid the possibility of harmful
contamination and to eliminate the need for a separator tape,
which is an extra cable component that adds to the overall cost.

A binder tape is inborporated in the construction of an .Ielectric cable to bind a group of cable components together to

provide a firm core between cabling, operations. Binder tapes
may be fabricated of a variety of materials, such as glass or
cotton cloth, cloth tapes coated or filled with rubber or other
materials, glass or cotton-fiber-reinforced asbestos, or plastic
films. In cable constructions requiring the use of a separator
tape and a binder tape at the same location a composite tape
may be utilized or the separator tape may be made thicker or
stronger and serve the dual purpose of separator and binder.
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CABLE TYPES AND CONSTRUCTIONS

Currently the Navy does het have approved types of electric1! cables specifically designed Lor general outboard use on certified
Navy deep-submergence vehicles. Underwater cables presently in
use include types for use outboard. of submarine hulls and cables
for underwater crossings. The former aire not designed for deep
ocean submergence, and the latter are fixed in position and
function with the protection of steel armoring and impregnated

F ;'- jute coverings. -

A fi" generation family of experimental cable designs for
deep-submergence power, control, signal, and communication use
appears in tables 11-1, 11-2, 11-3, and 11-4, respectively.

A

4Table II-la(
Proposed Power Cable Constructions

Insulated Conductors

Insulation Insulated'
Conductor Size No. of Strands Conductor Calculated Thickness Conductor OD

AWG x ANG Size OD, in. Area, MFX in. (minimum) in. (minimum)

14 19 x 27 0.071 3.8 0.045 0.171
12 19 x 25 0.090 6.1 0.045 0.190
10 37 x 26 0.112 9.4 0.045 0.212

8 37 x 24' 0.141 15.0 0.055 0.261
6 '61 x 24 0.181 24.6 0.055 0.301
4 61 x 22 0.228 38.0 0.065 0.368
2 x 22 0.278 58.2 0.065 0.418

1/0 x19 - 0.395 109.0 0.075 0.555
2/0 12 7- 20 0.416 130.0 0.075 0.576
3/0 127 x 19 0.467 152.0 0.075 0.627ts Conductors - Stadd ocnri atinned anneale ! copper Strandt. Stranded /

conductor filled with paste filler.
Insulation - Butyl rubber.

4 Cables
Sinqge Conductor Double Conductor Three Conductor Four Conductor

J Rcket Jacket Jacket Jacket
Conductor Thickness Cable OD Thickness Cable OD Thickness Cable OD Thickness Cable OD

Size in. in. in. in. in. in. in. in.
AG (minimum) (maxim=u) (min 1(maximum) (mini(num) (maximu•) (minimum) (maximum)

'4 14 0.080 0.390 0.080 0.580 0.060 0.6i0 0.090 0.670
12 0.080 0.410 ,0.090 0.640 0.090 0.670 0.090 Q.720
10 0.080 0.440 0.090 0.690 0.090 0.710 0.090 0.780

8 0.080 D.490 0.090 0.790 0.090 0.830 0.100 0.920
6 0.080 0.530 0.100 0.900 0.100 0.940 0.100 1.020
4 0.090 0.620 0.100 1.040 0.100 1.090 0.100 1.180
2 0.090 0.670 0.100 1.140 0.100 1.200 0.100 1.310

1/0 0.100 0.830 0.100 1.420 0.100 1.500 0.100 1.640
2/0 0.100 0.860 0.100 1.470 0.100 1.550 0.100 1.700
"3/0 0.100 0.910 0.100 1.570 0.100 1.670 0.100 1.830

INylon jacket'over insulation - 0.005 in. wall (nominal)
Note•: Jacket - Polychoroprene.;7 Ij Core fillet - Elastomeric compound (plastic rod type fillers are being considered

as supplemental filler in the voids of lart-er size cables).

Length of lay of cable conductors - 10 times OD of laye. (maximum).

II 1i-1
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-. Table II-ib V
SProposed Power Cable Constructions

a o.oInsulation 
Insulatedl

Conductor Size No. of Strands Conductor Calculated Thickness Conductor OD
AWG OD. inx Area. MCK In. fmimumL in, (4inimum)

4 14 19 x 7 0.071 3.8 0,025 . 0.121
12 19 x 25 " 0.090 6.1 0.025 . 140,
10. 37 x 26 0.112 9.4 0.030 0.172

8 " 37 x 24 0.141 15.0 0.030 0.201
6 611 24 0.181 24.6 0.030 0.241
4 61 x 22 0.228 38.0 0.040 0.308
2 .91 x 22 0.278 58.2 " 0.040 0.358

1/0 91 X 19 0.395 109.0 0.050 0.495
2/0 12" x 20, 0.416 110.0 0.050 0.516
3/0 127 x 19 0.467 152.0 P.050 0.567

ZkItos: Conductor - Stranded, concentric lay, tinned annqale copper strands. Stranded
conductor filled with paste filler.

Insulation - Ethylene - propylene rubber (EM).

Sn onuctor /Double Conauo -Coductor Your Conductor
* • Jac ndet Jacket Jacket acket

Conductor Thickness Cable OD Thickness Cable OD Thickness Cable OD Thickness Cable OD0 Sioze' in. in. in. in. in. ri. in. in.
MAG (minimum) (maximum) (minimum) imaximum) (minimum) (maximum) (minimum) (maximum)

14 0.060 0.300 '0.060' 0.430 0.060 0.50 0.070 0.510
12 0.060 0.320 0.060 0.470 0.070 0.520 0.070 0.560
10 0.060 0.360 0.070 0.560 0.070 0.590 0.070 0.64

8 q.060 0.390 0.070 0.620 0.080 0.680 0.080 0.730
6 0.060 0.430 0.0so 0.720 0.080 0.770 0.080 0.830
4 0.070 0.520 . 0.080 0.860 0.080 0.920 0.090 1.020
2 0.080 0.590 •.aO90 0.980 0;090 1.050 0.090 1.140 . .

1/0 0.090 0.750 0.090 1.260 0.090 1.350 0.100 1.500/0 0.090 0.770 0100 1.330 0.100 "1.420 0.100 1.560

3/0 0.100 10.840 0.100 1.440 06100 1.530 0.100 1 690

Including nylon jacket.
Notest Jacket - polyurethane,

Core filler - Elastomeric qompound (plastic rod-type fillers are being considered
ta a zupplemental filler in the voids of larger size cables).

Length of lay of cab-'Led conductors - 10 times OD layer (maximm).

z''
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'Table II-2a
•" Proposed Control Cable Constructions

I.7

Insulated Conductors

S.' Conductor Size - AWG 16
Conductor - 19 strands x.AWG: 29 tinned copper, 0.056-in. ODS, •" Insulation -Butyl rubber, 0.025 in. (minimum)
Jacket over insulation -Nylon, 0.006-in. wall (minumum)
OD - 0.118 in..4minimum)
Note: . Stranded conductor filled with paste filler.

Cables

Jacket
Number of Thickness Cable OD
Conductors in. (minimum) in.,-.max'imum)

' i, 30.080 _9.4.90
5 0.080 0.560

"I .10 0.090 . 0.740
14 . 0.090. 0.790
24 0.100 1.000

- •Notes Jagket-- polychloroprene.
I - 1 _ Core" filler - -elastomeri¢.c compound.

"oLeaigth of lay cabled conductors -kOQtimes' OD ,'of
• layer (maximum).

.! .,
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"TableII-2b -

Prgposed Control Cable Constructions

Insulated Conductors

Conductor Size - AWG' 16
Conductor - 19 strands x AWG:29 tinned copper, 0.056-in. OD

Insulation'- Crobs-linked polyethylene, 0.015-in. wall
(minimum) OD - 0.086 in. (minimum)

Note: Stranded conductor filled with paste filler.

Cables

Jacket \1
SNumber of' Thickness' Cable OD

"Conductors in. (minimum) in. (maiimum)

' 3 0.050 0.350
5 0.050 0.400

10 0.060 0.540
14 0.060 0.580
24 0.070 . 0.740

" •- Notes: Jacket -polyurethanes
Core filleT - elastomeric compound.Length of lay of cab~led conductors''- 10 times OD of
layer (maximum).

$ x * 1
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T iisted Table II-3
Proposed Twisted Pair Shield d Cable Construction

"I Insulated Conductors

Conductor -Size - AWG. 16 or AWG 20
Cofiductor - 19 strands k AWG 29 tinned copper, 0.056-in. OD

19 strands X-AWG 33 tinned copper, 0.036-in. OD
Insulation - Butyl "rubber, 0.020-in. wall (minimum)

"" Jacket over insulation - Nylon, 0.006-in. wall (minimum.) OD
of insulated conductor - 0.108 in. (minimum) (AWG 16)

0.088 in, (minmium) (AWG 20)
Note: Stranded conductor filled with paste filler.

, Shielded Pairs

Length of lay -, insulated conductors - 2 1/2 in. (maximum)
- shielded pairs - 10 times OD of layer

(maximum)
Shield - Helical serve of ti, I copper strands (AWG 36,

0.000C in.)
Shield coverage - 85 %; (minimum)II Jacket over shield - Nylon, 0.006-in. wall (minimum) OD of

shielded pair - 0.238 in. (minimum) (AWG 16)
0.198 in. (minimum) (AWG 20)"

Cables

Si *." -... Jacket
Number of AWG Thickness Cable OD

Shielded Pairs Cond. in. (minimum) in. (maximum)

1 2,6 0.080 0.480
S. 2 16 0.090 0.750

4 16 0.090 0.860
5 20 0.090 0.840
10 20, 0.100 '* 1.100

T Notes: Jacket - polychloroprene,
Cable core and shielded pair filler - elastome:-•ic
conipound.
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Table II-3b
Proposed Twisted Pair Shielded Cable Construction

ý4

- Insulated Conductors

Conductor Size - AWG 16 or AWG 20
Conductor - 19 strands x AWG 29 tinned copper, 0o056-in. O0

19 strands x AWG 33 tinned copper, 0.036-in. OD
Insulation - Polypropylene, 0.010-in. wall (minimum) -

OD of insulated conductor - 0.076 in. (minimum) (AWG 16)
0.056 in. (minimum) (AWG 20)

>4 Note: Stranded conductor filled with paste filler.

Shielded Pairs

Lengthi of lay - insulated conductors - 2 1/2 in. (maxi'mum) 7

-shielded pairs- 10 times OD of layer
;;o {maximum)

A Shield - Helical serve of tinned copper strands (AWG 36,
' • 0.005 in.) -

Shield Coverage - 85%. (minimum) U"
Jacket over shield -Nylon, 0.006-in,. wall (minimum)
OD of shielded pair - 0.174 in., (minimum). (AWG 16)

- - 0.134 in., (minimum) (AWG 20)

S• . Cables

Number of AWG Thickness Cable OD
SShielded Pairs Cond in. (minimum) in. (maxiiihn)

S1 16 0. 050 0. 350

4 " 16 0. 060 0. 630
v 5 ~20 0.060 0.570

10 20 0.070 0.770Notes: Jacket - polyurethane

Shie'lded.pair and cable core filler - Elastomeric
compound.

$f
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Table 11-4
Proposed Coaxial'table Constructions

- Conductor filler ,lo loss paste
Dielectric over inner conductor - TFE Teflon

' "Core filler (multicond .cables) - elastomeric compound
Length of lay (multicond cab" "s)' - 12 times OD of layer (maximum)

ý7 : },Inner jacket - butyl rubber
"�"H Outer jacket - Hypalon

"Cable Use Signal Signal RF Power
Impedance, ohms 5012 75±3 50±2
Attenuation, db/ 6.1 9.4 4.3
[100 ft (maximum)
4t 400 mHz
Torona, volts rms 5000 2300 7000
(minimum)
Dielectric 10000 7000 12000
Strength, volts
rms (minimum)
Inner Conductor, 19 x AWG 25(?i) 19 x AWG 38 (2) 19x AWG 22(I)
Concentric

4 Stranded -,
OD Inner Conductor 0.090 0.020 0.126

"in. (nominal')
OD Dielectric, in,0.280±-0.005 0.i07_0.005 0.370±0.010
Outer Conductor, AWG 3f"(1) AWG 36(1) AWG 30
served wires
ACoverage, I 95 95 95
-(minimum)

"", A Diameter over 0.305 0.125 ., 0.405
•, ]] Outer Conductor,

S""! in. (maximum)
Insulation over Nylon Nylon
Outer ConductorS"| Insulation Wall 0.0 05

in. (nominal) _ _-- __

, OD of Insulated
Coaxial Conductor,1 0.320 0.140 0.420
in. _Inner Jacket Wall,, 0.030 0.025 0:030

'~~~, ~in. (minimum)_______A Outer Jacket Wall,;
in. (minimum) .
* Single. 0.030 0.025 0.040I Two 0.040 0.030 -

Four 0.060 0.040 -
tTen 0.080 0.050

" Coaxial Conductor
Cable OD, in.
(maximum)

Single 0.450 0.250 0.580
Two 0.800 0.420 -
Four 1.000 0.500 -

STen 1.600 0.750 -
Siquivalent Cable j RG 9/U RG 59/U RG 217/UI ; sype (3 ) 1[

1}Silver covered copper wires.
(2)

- (3) Silver covered, copper covered steel wires.S...MIL-C-17D.

iI A '
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Except for table 11-4, each contains two different cable designs,
utilizing different cable, components, which are being evaluated
under deep ocean environmental conditions to confirm design
information and to provide data to further improve performance.
The cable designs are intended to cover most, if not all, of the
electric cablipg requirements outboard on deep-submergence
equipment. The use of a cable especially designed for a system
"requiring multifunction capability, may be considered. A cabIe
containing a combination of power, control, or signal conductors
would be termed a multifunction cable. It should be avoided,
generally, except to meet the needs of a particular outboard
system.

Designers should endeavor to assure that the basic design of
any outboard cabling system employs only standardized cable
construction in the interest of increased reliability, reduced
cost, quicker delivery time, and ease of replacement when,
necessary. The range of cable sizes proposed in the attached
tables may be increased or reduced in number as dictated in the
future by the actual needs of the Navy.

The proposed cable constructions have been designed to meet
the overall requirements determined from investigations of the
past and the present experience of deep-submergence equipment

_-ý opeorators and cable manufacturers. The selection of candidate
component materials for these cables was made after an extensive

IA survey and literature search to obtain background information on
materials technology and the state of the art of manufacturing
techniques and facilities,

YVI The construction features of these cables and the reasons
for selecting them are:

*_ 1. Stranded, coated copper conductors. V
a. Good electrical" conductivity,.

b. Reliable electrical connections,

c. Increased pliability and reduced minimum
bending radius possible with finer stranding.

d. Commercial availability.

2. Elastomeric-type filling compound; void-free cable
core.

• • a. Nonmigrating with pressure changes.

b. Uniform electrical properties maintained
between surfaced and submerged operations.

c. Reduced possibility of 4ter penetration•'• •along cable core in case of damage to cable 'ick•

S~/



- 3. Extruded insulation (see section on insulation for
detailed information on properties which determined selection).

- a. Butyl rubber.

-ýb. Ethylene propylene rubber (EPM).

c. Cross-linked polyethylene.

Sd. Polypropylene.

4. Shielding - helical serve of coated copper strands.

a. Increased flex life (as compared to braid).

b. Easier to eliminate air voids.

'c. Simpler terminations.

5. Nylon jacket over insulation.

a. To provide physical pr'tection.

b.- To reduce possible material compatibility
problems.

6. Jacket (see section on jacket materials for detailed
information on properties which determined selection).

* a. Polychloroprene.

b. Polyurethane.

c. Composite of butyl rubber (inner layer) and
Hypalon (outer layer).,

~1.1
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ACABLE SELECTION/DESIGN

It cannot be too strongly emphasized that the engineers
responsible for designing or selecting cables mustr above all
else, be. thorough in the initial 1phase of their assignment. The

* overall selection of a piarticular electric cable to be used in a
W11 deep ocean application is based on many interrelated factors.

The choice of a cable can not be an arbitrary selection merely
made to connect a piece of sophisticated electrical equipment to
a power source or other eleptrical system component. Items to
be considered before selecting or specifying an electric cable
for use in the deep ocean environment are many. As an excample,
during an industry survey made to obtain information and
parameters necessary for the design of cables for specific
applications for deep-submergence vehicles, the following is
typical of the information requested by the cable-design engineer.

REQUIREMENTS

1. Number of conductors (including spares).

2. Maximum voltage between conductors and to ground.

3. Frequency (Hz}.or frequency band.

S4. Pulse length and repetition rate.

5. Maximum current per conductor.

6. Electrostatic shielding.*

4 7. Electromagnetic shielding.

8. Insulation requirements for shields.

9. Minimum signal level(pv or pa).

10. Capacitance tolerances and stability.

11. Jacket insulation resistance.

12. Impedance and attenuation.

13. Maximum and minimum operating temperature.

*In terms of decibels at a specific frequency (see section on
shielding).

i 11-1
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- 14. Degree .of cable flexing. f
15. Mechanical requirements (abrasion, cut through,

etc).

16. Maximum hydrostatic pressure.

17. -Fluid compatibility (water, oil, etc).

18. Duty cycle of cable.

19. Minimum bending radius.

20.' Desired cable life and mean time between failures
(MTBF) ..

This list of cable requirements, of course, does not apply
to every type of cable being developed for deep-submergence
applications but shows the scope of possible problem areas that
the cable designer must consider when deciding requirements based

4 on the end use of the cable.

The electric cable systems used outboard on deep-submergence*1 o••iequipment constructed to date have 'consisted of a wide variety
of cable types and installation methods. The cables used have
been standar& commercial cables and standard Navy cables. Special
purpose cables and harnesses have also been used, although they
have been designed and produced at considerable expense While) the cables on existing vehicles have served their purpt a for a
limited number of missions, few have demonstrated reliaule long-
term performance. Electric cables for use to depths of less than
2000 feet may be installed with stuffing tubes used to penetrate
pressure hulls; but for use to greater depths, penetrators must
be used to provide electrical circuits through pressure hulls.
"The molded plug cable terminations required with penetrators
provide convenient means for connecting and disconnecting
outboard electrical equipment. Stuffing tubes have been used to
install electric cables through the walls of oil-filled, pressure-
compensated enclosures, but this reguires all cable components
to be compatible with the fluids used by different vendors for
their individual components.

The outboard cabling on deep-submersible vehicles is
subjected to a hostile environment, including the following:

1 . Repeated exposure to seawater,, sunlight, ice, and

general weathering.

2. Exposure to pressure compensating fluids, hydraulic
fluids, and lubricating oils (intermittent to long time).

111-2.
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"3. Repeated hydrosatic pressure cycling. 7

4. Long-time immersion at elevated pressures.

"5. Physical abuse such as abrasion, flexing, and
repeated handling (including mating and unmating of plugs and
receptacles).

6. Repeated flexing Qf cables on operating outboard
equipment, such as TV cameras, CTFM devices, and m:mnipulators.

Various cabling systems have been considered; their relative
advantages, disadvantages, and limitations for outboard deep- v
"submergence vehicle applications are next considered.

PRO'S, CON'S AND LIMITATIONS

c Commercial Cable - The advantages of commercial -

cables are ready availability as a shelf item and lower cost due °
to large quantities produced. There are no commercial cables
available that are designed specifically for deep ocean use.
Normal commercial standards are not considered satisfactor-y fcr
the close quality control that will be, required for deep-
submergence cable construction. Since commercial cables are not .4qualified to Government specifications, there is no basis for
vehicle certification.until the cables are certified.f

e Navy Outboard S~ubmarine Cable - The advantages of.
Navy submarine cables are their .availability as a Navy stock
itent and the fact that they are qualified cables manufactured in
accordance with Government cable specifications. Standard Na-.-y,
submarine cables are designed for use to limited depths compared

I to the ultimate requirements for deep-submergence vehicles.

Although submarine cables are designed to be watertight and
resistant to seawater, they are not specifically required to Ze
h d l e m utvoid-fbee,.a

o Metallic Sheathed Cable (Mineral Insulated) - Metal• •J isheathed cables are much more rugged than rubber or -plastic •

jacketed cables and are capable of withstanding severe mechanical
abuse and temperature extremes. Metal sheathed cables are

L• , avaiable in only a limited number of types and sizes. The overall
weight of an equivalent cable system would be greater with mineral
insulated cables than with other cables. The limited bending 4
radius of metal sheathed cables and their lack of flexibility
would lead to installation difficulties and cause an increase irn
the space requirements for installation on small vehicles.
Mineral-insulated, metal-sheathed cables have only parallel
conductors and cannot be manufactured with twisted pair conductor
configurations. Metallic sheathed cables generally are more
expensive to fabricate than other cables and they require, special 4
techniques and hardware to fabricate terminations.

¶ I 111-3
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will weighlle Cable~ opoetOil-Filled Cable - C les filled with oil are more
pliable than cables, having sila• €omponents and a core-sealingcompound and they are pressure cofpensated. Oil-filled cables
are more stable electrically than free-flooding cables and they ýQ:
will weigh less than cdre-sealed cables of the same dimensions. P
With oil-filled cables the selection of the oil and the cable-
insulating and jacketing materials must be based on compatibilitfk
among components. If stuffing tubes ox unblocked terminations ae
"employed, the fluid selected must be the same throughout a systemld
Preparation of oil-tight terminations and the"possibility of oi];1
leaks or sea-water contamination are problem areas for this typel.
of cabling.i

o Harnesses - Cable harnesses may. be made up in many
ti ofdifferent forms, such as grouped individual insulated conductors ,

grouped insulated' conductors housed in oil-filled tubing, i

prefabricated cable and plug assembly, and ribbon-type conductor .
Grouped individual conductors, with or without a free-flooding
jacket, would require only a limited number of basic insulated
wires t/hat could be combined as required to provide a cabling
system and would generally be lighter in weight and less expensi e
than corresponding water-blocked cables. Grouped "individual
conductors would have less protection from physical damage than v
complete cablea and their electrical characteristics would be
subject to greater cages between surfaced and submerged .

operations. Conductors installed in parallel would be subject
to greater electrical izterference compared to twisted-conducto
pairs within a cable. if installed with a free-flooding jacket,
there could be a danger of damade due to flexing operations du ing 4

freezing weather when ice forms within the jacket, unless wate
is completley drained. Grouped insulated conductors housed in
oil-filled tubing would have advantages and limitations. simila.
to those of Oil-filled cables. Harnesses made up of cables
with plugs attached will provide simplified installation and
maintenance, but the large number of cable sizes required and
the different lengths required would call for a complete set f
cable harnesses to be prepared in order, to have a replacement
cable and plUg assembly available. The. nrcessity of having
complete set of spare cables and plugs would be more costly han
stocking a limited supply of spare cables and plugs separate y
and making replacement harnesses as required. Ribbon-type, abled
conductors may be useful for the 'smaller size cables, and t ey are.
lighter in weight than equivalent complete cables. Ribbon ables
"will have greater changes of electrical characteristics qn due
to having parallel conductors they will. be more susceptibl to,
electrical"interference than complete cables. Ribbon cabl's are
more flexible than complete cables but they will flex in only 4
one plane.

o Hyb~rids - A hybrid system'consisting of wiring
having the best features of each possible method, could produce
the most reliable electrical wiring sybtem. Such a system would,Ai
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I have a very high~initial cost due to the limited" q-catities ofeach cable type used, and there would be a logist- ,s problem in"

"providing replacement tibles.

TERMINATIONS

The terminating of electric cables for ' uboard use with
the present state of the art of construct.idh of aeep-submergence
vehicles will be a shop job rather than a field job, due to the
stringent quality control requirements for molding the plug to

S. the cable. These molded terminations must be c6nstructed
without air or gas voids, and the molding compound muit be well
bonded to both the cable jacket and the shell of the, plug. All
molded plug cable terminations should be hydrostatically
pressurized prior~to installation on a vehicle to eqnsufe water-
tight integrity. Designs calling for the termination oi more
than one elbctric .cble on a single molded plug would be held ,to
a minimum due to thd increased difficulties of providing reliable

j watertight molded terminations with more than one cable ente'ring
a plug shell. A connector/penetrator handbook is being prepared

S under Government contract and will be issued 'in the near future.
With experience gaineid through use aid further laboratory work,
field termination prQcedures may be developed to reduce the
logistics problems associated with storing excessive numbers of
prepared replacement cable assemblies for operational deep-diving
Navy vehicles.

•J One particular problem that has occurred during laboratory
1 investigations when cables having molded plug terminations are

I subjected to repeated pressure cycling is the rupturing of
conductors within the shell of the molded plug after a relatively
low number of hydrostatic .pressuire cycles. This is caused by
knuckling o~f the conductbr within the shell when piston action
occurs during pressure cycling. The major reason for this action
is the presence of internal voids which permit compression, and
thus relative motionbetween the cable and shell.

The effeoE -.Iqompressibility of the elastomeric molding
compounds has also been studied. Although the amount of piston
action caused by compressibllity of tle'compound is usually of a
much less degree, it further complicates the conductor knuckling
problem.. This is demonstrated by curves in figure III-1 showing
typical compressibility versus pressure for typical elastomer.cS° •! "{ compounds.

A solution to the conductor knuckling problem was found to
i be a two-step molding procedur4 in which a rigid potting material

is used to fill the inner portion of.the plug shell, providing.
mechanical strength and eliminating compressibility, and following
this with a molding of an elastomeric Compound to provide the

'watertight bond to the shell of tle plug, the cable jacket, and
, a cable strain-relief area,
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'• • t confined.

,•.•2 - Compre'ssib~ility data obtained from NBS.

° ";I( , Figure III-1 •:
/} •Pompres sibility of Rlbstomers.,

! The interface" of deep-submergende electric cables with
•j ~appropriate plugs must be considered in the "design of both the

•' ~cables and p~lugs."

" ,•2NSTALLATION

{,Although rigid rules concemning deep-submergence vehicle
~cabie installati~n p~rocedures cannot be documented or specified
.• ~at this time due to.,pending decisions" on cable types 4nd

" • constructions and vehicle types and~configur4,tions,,for the futuke,
i ~the following inforination-is presented for consiaeration:
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1. Cables should be physically protected wherever
possible, to prevent accidental damage, by such means as:,

a. Metal conduit or wire ways.

b. Plastic tubing over groups of cables.

c. Plastic wrap over individual cable at point of"
severe abrasion.

2. Unnecessary cable flexing should be kept to a
minimum by:

a. Supporting cables near receptacles.

b. Making allowance for sufficient cable length
t6 be used in mating and unmating plug and receptacles.

3. All possible wiring shoiild be installed within the
protective outer skin or fairings-on vehicles to prevent
entanglement with submerged objects.

4. Heavier wall -jacket materials, to furnish more
reliable cable protection, may be an advNantageous trade~off,'even
for air transportable vehicles.

SHIELDING

7The Aegree of shiplding required in an electric c€ble des'ign
to ensure interf-6rence-free operation is one of the most diffj_.*.
parameters to define. The need for shielding has grown rapidi-
in recent years due to development of complex and sophisticatea
electronics operating at low signal levels. Cable shielding
techniques to reduce circuit interference problems are qften
misused because of'a misunderstanding of the type of shielding
required and the capabilities and limitations of the various
shielding methods. Information given in this chapter is presente.
to clarify some of the misconceptions on t/ie subject of shielding.

There are two fundamental types or classes of ,interfardnce -

electrostatic dLnddlectromagnetic. Electrostatic ihterference1is associated with capacitive coupling (E field) that links two"components while electromagneticinterference concerns inducti-.'e
coupling (H field) mutual to such components. 'It is important
to .realize that. shielding effectiveness values given for materia-i
or techniques are not absolute. It cannot be said,, fdr example,
that a particular copper braid shield'will provide:50'db of
shielding unless you specify the type of interference present.
SA typical copper braid may provide 50-db electrostatic shielding,
but the same braid would be useless -4n protecting sensitive
circuits from magnetic coupling present with an adjacent 60- or400-cycle power cable. .
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• Effective shield design or specification for a s-nsitive
circuit must therefore begin with a knowledge of the'.,cerating

oh characteristics and limitations (i.e., signal voltage, signal
frequency, receiver input sensitivity) of the system as well as

' knowledge of the electromagnetic environment through which the
circuit must perform. There are many ways to reduce electro-
magnetic interference ih a sensitive cal~le run', and the employ-

Sment of various types of an integral cable shield is only one.
" It should be used only as a ldst resort.

SPerhaps the simplest and mostteffeg:tivetechn ue of
reducing EMI is.by physical separation. Since tbe 'strength of
the magnetic and electric field surrounding a disturbing medium
decreases appreciably with distance away from it, care in routing
the sensitive circuit •can reduce the level of incident EMI to an
acceptable level. In modern deep ocean vehicles, as in submarines,
space is at a premium. This, combined with restrictions placed
on pressure-hull penetrations, will limit the physical separation
possible in many instances. It is felt, howevet, that every
effort should be made early ip the vehic'e planning stages to
maximize the'benefit to be derived by caxý_ful routing of sensitive
circuits.

- Two additional techniques to' improve electromagnetic compat-
Sibility of sensitive equipment aboard-deep ocean vehicles should• ba employed e-arly in the equipment circuit design stages. These

Sare: filtering and the use of balanced transmission lines.
Thes'e design methods do not reduce the level of the electro-
magnetic interference environment, but they make it possible for
equipment to fun-tion satisfactorily under such adverse conditions.
Where possible, filters on t ncorporated in the input
circuitry of sensitive receivers wili reject interference
fteqiencies different from the signal frequency. Depending upon
the signal-tq-noise ratio pef esent at the receiver input, this
°echnique can be very effective, in'p••mitting operation in an
electrically noisy environment. It is noted, however, that if
the interference level is sufficient to saturate the receiver
input, the effect of tlie.filter can be nullified.

The use of balanced transmission lines in sensitive circuits
can go a long way toward reducing their susceptibility to
unwanted signals. Figure 111-2 shows a simplified diagram of a
balanced line.

With this circuit arrangement, isolation between sending
and receiving circuits is achieved, and interference arising
from differences in ground potential is eliminated. "Balance-
to-unbalance" transformers are used at both "sending"and

"receiving" ends. Voltage is transmitted in the secondary of'the
transformers equal to the difference be, een the line voltages.
Interference signals should be mutual - to both lines - and there-
fore will not be transmitted to the receiver. Thus, balanced line
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transmission represents a practical approach to. interferenceV - reduction and where practical should be employed in sensitive
circuits in deep ocean applications.

>1 SENDING.SE " "SE ND IS "RECEIVING"

ELTTRG1CSCABLE ELECTRONICS
RUN

"Figure 111-2
"Balanced Line

Besides physical separation, filtering, and balanced line
transmission techniques, which will reduce both electrostatic
and electromagnetic interference, other methods are available to
reduce either of these interference modes separately. A highly
effective method of reducing magnetic coupling is transposition.
by the use of twisted pairs. This technique has been used toreduce telephony mutual-inductance interference for many years.

It employs the principle that in a constaht electromagnetic
environment the interference signal will be impressed equally but
opposite in the wires of the pair and therefore will cancel along
the length of the circuit. In theory, a Uniformly twisted pair
would be a perfect technique in the elimination of magnetic
.coupling. The degree of uniformity of pair twisting practically
obtainable in modern cable manufacturing techniques limits the

4 magnetic shield effectiveness afforded by twisted pairs to 50-60
decibels. This is appreciable and should be employed in all
sensitive circuit designs.

4 Another technigtle for the reduction of magnetic interference
in cable runs is that of incorporating multiple current loops
producing magnetic fields. This technique has been employed by

- the Navy in the design of minesweeper power cables where magnetic
field reduction was necessary for reasons other than the reduction

5' of signal interference., Briefly, it causes a reduction in the,
magnp-ic field produced around a disturbing line by dividing its
currc into two or more parallel paths producing opposing fields,

111-9
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ii thus reducing the overall magnetic field. It is felt that this
technique which is "disturbing-circuit" oriented would not be
practical on deep ocean vehicles and efforts should be
concentrated on shielding sensitive circuits from existing fields.

Electrostatic shielding will be available to the deep ocean
vehicle designer naturally in the form of seawater. The
blectrostatic and electromagnetic shield effectiveness of
simulated seawater was determined by employing procedures
described in detail in the AIEE Transactions, volume 74, part 1,
July 1955, and NASL Lab Project IED-29, Final Report, November
1968.

Seawater was simulated by mixing quantities of Rila Synthetic
Sea-Water Compound with tap water to a concentration of 35 parts
per thousand. Results of this activity's investigation into the
shielding afforded by natural seawater revealed that it provided
good electrostatke-phielding but no measurable electromagnetic
shielding at frequehcies up to 50 kilohertz. The following brief
tabulation of data presents, typical res 'ts of electrostatic
effectiveness measurements.

:Frequency Electrostatic Shield
kHz Effectiveness, db /

i-i .0.5 9l.0( 1)

1.0 KAU

I 2.0 81.0(1)

5.0 80.2

10.0 75.0

20.0 69.8

S0.0 62.5'

Limit of measurement system.

This level of electrcstatic shield effectiveness is very

>1 tangible and must'be considered in the overall shielding problem
for sensitive circuits external to dee•, ocean vehicles.

In the q<ent that the methods of reducing interference
already described are either, inadequate or impractical, cables
with integral shields will be required. A variety of integral

4• shields has been successfully employed in applications requiring
electrostatic or electromagnetic interference reduction. The
following is a review of the more common types with emphasis on
advantages and disadvantages as applied to deep ocean applications.
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Copper braids have been used in many applications to provide
electrostatic shielding through t radio frequencies. Experience 4
in the deep ocean, however, has raised the question as to whether
the copper braided shield can survive without breaking, continued
pressure cycling in diving and surfacing operations. Limited
labo-4tory experience to date with braided shields did not find

'th-. )ndition to be a problem, but inadequate braid sealing
couLG introduce voids that ..uld intensify tendency to damage.
Where flexing under pressure is required, as in catles for CTFM
sonar, served wire (helical wind) shields have proved more
successful. LaboratoryNsatudies on flexing of cables under high
hydrostatic pressure verify the superiority of served over
braided shields in this application. Served shields have an
additional bengit over braid shields in case of termination.
The need to pi6k and fan out in order to pigtail is eliminated
with served shields. Served shields present problems in the
"higher radio frequencies when the inductance of the shield wire
becomes appreciable. 'It is felt at this stage, however,,that
such frequencies will not-be utilized in deep ocean
instrumentation.

Other electr6static shield designs have employed conductive
textile braids or conductive plastic extrusions and aluminum/

Smylar laminated tape. Textiles, such as cotton, are treated with
conductive substances and applied as a braid or helical wrap.A continuously grounding copper drain wire is placed in contactwith the shield and is used •for termination. Conductive plastic

or rubber extrusions are made by filling the material with
conductive particles. This suspension of conductive particles
in an insulating Medium provides some shielding. An advantage
of this type of4shielding is added flexibility. To date, however,
conductive extrusions have been limited to applications requiring
continued flexing, low-frequency electrostatic shielding, such
as special-purpose microphone cable. Difficulties occur in
obtaining semiconducting extrusions which are uniformly filled
to a sufficiently high concentration without degrading other
properties of the base material. Improvement in-'materials for
extruded shields.may orove useful in solving future deep ocean

"ýcable--shield problems. Conductive tapes and aluminum/mylar
combinations are effective as electrostatic shields but present
the same waterblocking problems as do all tapes in deep ocean
cableedesign.

A laboratory exraluation 6k the relative elect rosatic shield
effectiveness afforded sensitive circuits by vario s commonlySemployed shield designs was undertaken. Samples ný41WG 29
twisted pairs, each employing a different shield design, were
selected, Served dopper, copper braids, and aluminum-backed
mylar were compared at frequencies to 50 kilohertz. Results

-Vil indicated little difference in effectiveness among these
construptions. Served shield constructions for experimental
shielded DOT cable samples were therefore chosen on the basis of
successful operatioaal experience iii high-hydrostatic flexing
environment.

'V I
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While sdidlds for the reduction of electrostatic'fields are
-A widely available# effective electromagneti~c shielding is more

difficult to accomplish..
€ ~/ '

Magnetic shi'elds reduce induciance coupling to the conductor
they enclose in two distinctive ways. -First, they divert the
"disturbing field around the conductors by providing a relatively
low relw-tance path to the field..Second, they reduce the!•'iresultant field which the conductors actually seer because e~ddy

currents are set up in the shield which-produce fields opposing'
the disturbing field. To'date,.the only successful magnetic-
cable shield desiga recognized by the Navy consists o'f layers of
a high-permeability nickel-iron alloy wrapped helically under the

A,• cable jacket. Black iron pipe and high-pressure steam hose have
been used to reduce low-frequency magnetic coupling to sensitive
receiver circuits on submarine sonar and VLF communication
systems. This technique has .obvious drawbacics in installation
costs, weight, and space rdquiremerzts, but its use by the Navy

) •:•indicates the high. cost whuich must be paid to obtain magnetic
shielding. Figuire III-3' presents the effective magnetic /..
shielding Available with present -techniques. . -

4 , 50. -.. .. ,APPROVED BLACK IRON PP

'., " • /' •P/IP I__ ___ __ __ I140,

'APPROVED STEAM 146SE

0.02 0.05 0.1 0.2 <0.5 1 2' 5' 10
FREQUENCY, MIohertz

EFFECTIVENESS OF INTEGRATED MAGNETICALLY SHIELDED CABLE

"Figure 111-3
Effectiveness ot Integrated Magnetically Shielded Cable
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%j T For inifial, deep ocean cable design it is hoped that twisting of
conductors will reduce magnetic'coupling to an Acceptable level.
Xf experience proves that further miagnetic shielding is required,

T study will be made of a served shield design composed of high-
permeability alloy drawn wires. This solution should be feasible

o 'from a theoretical standpoint and practical from manufacturing
considar ations.

Experiencq has proved that electromagnetic compatibility in
• -- -cable runs will be assured only through a thorough understanding

of the electromagnetic inte-rtference problem. The following is a '

list of recommended installation practices to reduce the same
commonly made errors which inevitably have led to interference

14Y'] problems.
,,, iINSTALLATION PRACTICES

4 . Segregate all sensitive cables from disturbing
sources. This includes the separation af sensitive and power "
cables, in wireways and through penetrations, and the routing of
sensitive cables away from motors and high current or relatively
high-voltage sources.

2. Twist conductors of all sensitive pairs and mairnain.
this twist in terminations. Many cases of interference have been
traced to a junction box where some well-meaning electrician
untwisted the end of a multipair cable and mneticulously grouped:1 the terminated ends in a neat parallel package. Twist must be
maintained at the termination.

3. Maintain a shield as far iiiside a junction box as
"practical. .'

o4. 'Employ the balanced line, concept for transmission
of low-:level signals wherever practical.

* 5. Locate equipment on the vehicle to-minimize low
S signal-iev• cable runs. An example61f this was used to minimize
interference in a variable depth sonar system. In that instal-
lation, the preamplifiers Were moved to the fantail of the ship.
This eliminated'some 400,feet of sensitive cable run which had

.. been plagu1k the systebn.,

, . 6. Take advantage of natural shielding afforded by
seawater.1 ",

" 7. Filter the input circuits of sensitive receivers to
block all but signal frequencies wh,.re possible.

- *To summarize, electromagnetic compatibility in deep ocean
cable requires serious design-stage consideration. Every-effort
should be made tO segregate sensitive cables from noise-creating *

sources ant t6-ake full advantage of natural sea-water

IIý-13
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electrostatic shielding. Where integral shields are required,
served copper shields seem to offer the best characteristics for
the deep ocean environment. Initial shielded-cable specificationsfor deep ocean cables have been written to include this type of

shielding.

ELECTRICAL STABILITY

The electric cables installed outboard on deep-submergence
vehicles will be subjected to many adverse operating conditions.
Cables will be used to interconnect equipment having -a wide range
of electrical requirements, from high power for drive motors to
very low-level signal transmission. The electric cables will be
required to be electrically stable 9nder conditions of long-time
submergence at high hydrostatic pressures and also under repeated
pressure cycling conditions. Acceptable levels of insulation
resistance will be required during long-time immersion or repeated
immersion in seawater. In zqany cases a minimum change of,
capacitance between conductQrs-within a cable must be provided
as the cable is immersed in water and subjected to increasing
external hydrostatic pressure. The stable capacitance requirement
is of particular importance in circuits where a change of cable
characteristics will affect the calibration or performance of
electronic equipment. One such piece of equipment is a ccntinuous
transmission, frequency modulated sonar unit that must be
calibrated while on the surface and then provide accurate readings
(+1%) of distance at working depths. The change of capacitance
t~at can occur between insulated conductors and between the j
conductors and the surrounding water as hydrostatic pressure
increases is shown for a shielded twisted pair cable and a three-
conductor control cable in figures 1II-4 and 111-5, respectively.

re
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Capacitance Versus External Hydrostatic Pressure
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Both cables have butyl rubber insulation with a nylon jacket over
the, "sulation. These curves indicate that the rate of capacitance j

chzmg• is greatest during the first 1000 psi of applied pressure,
d that from 1000 to 10,000 psi,*the capacitance increases at a

_uch lower rate. Measurements of capacitance at atmospheric
-pr ssure after being subjected to 10,000 psi pressure show thea.
the capacitance values are higher than the initial values,
indicating a "set" in the cable components. Tfie use of individLal
insulated wire harnesses, free-flooding cables, or cables wi.t.cu-:
fillers is not applica..ble to circuits requiring stable capacittanzeI between conductgrs and to ground, due to the fact that individual
conductor harne3ses and unfilled cables would have far greater
capacitance changes between surfaced and submer~ed operations thanI would void-free, filled cables.

Insulation resistance values are required to bE maintained
above minimum levels.for long periods of service. The use of
proper cable-jacketing materials, having low water permeability,will serve to protect the conductor ins~ulation from the effect-sof direct contact with seawater and will provide mechanical

protection as well.

The effects of flexing, both at atmospheric piessure and
under hydrostatic pressure, on the electrical characteristics of
the cables will also be investigated and the results will be
"included iR a future edition of this 'handbook.

111-15
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COMPATIBILITY - COMPENSATING FLUIDS VERSUS CABLE MATERIALS r
The results of l~boratory investigations on candidate cable

jacket materials indicates that none of the compounds investigated
is compatible with all of the types of pressure compensating L
fluids presently in use. Furthermore, compounding both conductor
insulation And cable-jacketing materials that will be compatible
with all fluids and also possess all of the desired electrica4.
and physical properties is impracticable. Although it-is feasible
to design an electric cable that will operate with a particular

. pressure-compensating fluid, it is beyond the state of the art
to design a cable that will operate with all fluids. The concept
of using stuffing tubes as .a means of cable entrance into
pressure-compensated enclosures appears attractive in that the
differential pressure bdtween the sea anibient and the compensating (7
flui'd is small, but the resultant compatibility problems thus
introduced are a considerable drawback to prolonged cable life
and overall vehicle reliability.. However, the use of suitable
hardware for penetrating the walls of pressure-compensated
enclosures, to enter fluid-filled enclosures will eliminate cable-
component compatibility problems,. minimize the possibility of
sea-water leakage into the eficlosure, and also provide a con-
venient means forconnecting and disconnec:ting electrical circuits.
Within fluid-filled enclosures hook-up wires are more appropriate
than cables. They use fewer components than complete cables;
"thus, they are more easily made compatible with compensating
fluids. They also occupy less volume than complete cables and
are easier to install., There is no need to subject a complete
cable to pressure-compensating fluids %hen suitable hardware can ,

provide the trarsition.

Results of physical measurements on cable nimterials "as
received" and after long-time immersion in various pressure-
compensating fluids at atimospheric pressure and at 10,000"psi
are shown in table III-1. The results show that-the cable
materials evaluated are affected to varying degrees by each of
the pressure-compensating fluids. The results also show the [

3 effects to be generally the same at elevated pressure as at :t
,Atmospheric pressure.

The materials evaluated are. indentified 4s follows:. I
1. Cable Materials.

a. Artice"Neoprene (A).*

b. Vinyl (B).

<I c, Polyurethane (C).

d. Nitrile rubber (D).

.44
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' Table III-1
Physc4al Properties of Jacket Compo~ds

Subjected to Immerslon in Pressure Compensating
FIbids

Percent Change Agter-,
Fluid Immersion

Tensile _ _"_Jacket Compound
"Condition Elongation 2  Fluid A B 1 C D

Tensile - 1.950 1740 6110 .2100
As Receivea Elongation - 370 410 720 320

a -4.1 +54 +1 +43Sb + +1.5 +12 +3.3 +4 8
Tensile c. -1.5 +li +8.1 +41

After Strength 'd. -13 +39 -12 ' +24
58 e, -7.7 +20 +1 +41

.V Daysa at f -19 - +26 -0. 7 +34
Atmospheric a --. 9 -9
Pressure -6.7 -19 -4.2 -18

Entn0 -36 -11 -87Elongation d -10 -89 +0.7 -68

e -6.7 -56 -16 -92
S" • f -17 -42 -6.2 -78

* After Tensile g -3.6 +2.9 -1IS +4.2
8eh -14 +22 48.1 +38: •81 Strength

S"!1Days at __i -2.6 -1.7 -8.9 -1.4

Atmospheric E ag +i1A3 -50 +5.5 -92
Elongation h -8.1 T-94 +11 -87

SPressure "i +2.7 -4.9 +5.5 -6.2
a -5.4 1+58 +6 +29
!-3.1 +15. +3.2 -0.7
d -8.7 +41 -+5.5 +17TeJ

renqth e -5.1 +91.' +5 +55
After f -_6- 7 +41 +23 +1430 " +0.3 + 18 -10o + 7..8

.Days at h -12 +40 -2.810 _18
V laI, 0Q0 psi -• a -4 -65 +2.1' -62

"• •,b -13 -15 -6, 7 -14

o• . d -9.5 -40-.' -1.4 -29
Elongation e. -10 -97 -i083

.f -9.5 -47 -11.40•.• .•g +1. 3 -24, -2.8 ,--29..

_ _ _ _ _ _ _ _h "-12 -69 +__ ._ '" - 1;___5

2Tensile Strength, psi.
-Elongation, percent. "
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2. Fluids.

a. MIL-L-6081C "1010" - type petroleum base.

b. VVD-001078 silicone fluid (10 centistokes).

c. MS 2110-TH hydraulic fluid.
d. MIL-H-5606B petroleum base fluid.

Se, MIL-S-21568A silicone fluid (1 centistokes).

.VVI-530 transformer oil.

g. MS 2110-TH petroleum base hydrailic fluid
(yellow-brown). .

h. MIL-H-6083C petroleum base hydraulic fluid
(red).

i. Distilled and ion exchanqe treated water.

CAOIE/CONNECTOR INTERFACE

S The dovelopment of deep-submergence vehicles for greater
ocean depth~s has precluded the practice of pas'sing electric

'cables through pressure hulls by means of packing types of
stuffing t~bes. Deep-diving vehicles have a very limited space

ava~lable within the-pressure hull, and much of the electrical
equipment must be 6loated outside the hull, either dir~ectly in the
sea-water environment or within fluid-filled, pressure-compensated
Senclosures. The,6ontrol circuitry for this outboard electricala equipment and signals from sensors are transmitted through the

Th hull by means of electrical penetrators. The outboard electric

cables are conventionally attached tp the penetrators by hardware
devices or by molding.

The interface between the electrical cable and the plug has
been found to be one of the sources of trouble on deep-submersible
vehicle power and sign.l distribution systems. Problems
associated with molded plugý on electric cable include the• '~~followin• .

* I. broken electrical conductors within the shell of
-the plug, after relatively few hydrostatic pressure cycles.

2., Poor bonding of molding compounds to both the shell

of the plug and the elastomeric cable jacket.

* 3ý elug-terminations fabricated with no air voids
within the- molding comp6und.

S" i
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The problem of broken c c1I.' 4Xthgnr :
plug after hydrostatic pressure c-Ic.' "I vaat-d L:ýr
NASL 940-132, and reported by Technical rmorandu.R3 1,,ccr
1968. It was found that the breaking of conductors was caused

4 by knuckling of the copper when piston action occurred within th,=
metal shell portion of the plug under cyclic pressure. The
compressibility of gas voids within the elastomeric molding
compound was the major cause of motion and the difference in bulk
modulus between -opper and the elastomeric molding compound
further contributed to'the problem.

The-total loi~gitudinal motion within a plug shell depends
on the quantity and size of voids in the compound, the volume of
the elastomeric compound, the bulk modulus of the compound, and
the hydrostatic pressure. The longitudinal motion that would
Stake pl~ace in ý void-free molded plug, with the shell size
indicated, is shown in figure Ill-I for two elastomeric compounds
representing the approximate range of the bulk modulus of
elastomeric molding compounds bing considered. The curves shown
for an ideal void-free material demonstrate that the electrical4 conductors are subjected to column loading within the shell of
eliminated by using rigid epoxy materials, having good electrical

properties an& sufficient mechanical strength to withstand the
maximum pressures anticipated. If the rigid epoxy system is used
and some degree of floating motion is required in the contacts
of the plug when mating, elastomeric tubing can be slipped over
the contacts before prepotting.° This will allow for slight
alignments of the pin and socket.

Consideration was given to the use of conductor materials
other than copper, but stronger materials were found to offer no

"I significant increase in flex life when subjected to the same
degree of bending that was observed in the broken copper
Sconductors. The column-loading'effects on conductors can be
further reduced within elastomeric molding compounds if the
conductors are installed with a twist or a bend rather than being
straight within the shell of the plug.

The problem of obtaining a good bond between the molding
I compound and the cable jacket and plug shell is dependent on the

use of molding 'compounds and primers specifically selected to
bond with a particular cable-jacket material and is critically

dependent on cleanliness. Plugs, using either polychloroprene .r
2-part polyurethane jacket molding compounds and utilizing a rigrid
epoxy prepot within the interior of the plug, have been ýabricated
at the laboratory and used successfully in initial pressure
cycling evaluations of selected electric cables.

The pottirn or molding compounds used in the fabrication of
molded plug terminations should be thoroughly degassed before
pouring into the mold, and care should be exercised not'to trap
any air voids within the completed molded-plug termination.

111-19
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Other L,3sic lle~s to be Cenidered in the deesign, fabricaticn,
and installation of molded ý 1uqs for deep-submergence use are as
follows:

1. If elevated temperature is requirkedtQý cuke the
molding compqund, all cable and plug components must be capable
of withstanding the maximum molding teraperaturei.

*2. If molding cqfbpounds whic4 cure at room temperature
&are used, the time xe~uired to complete the temiination will
usually be considerably I.dnger than for elevated-ternperatu--e
ýcuring. The time- requirid to co~plete a moldr~d termination cbuld
be a consiaetaticn for repairs or. replacements made in the field,
but initially all plugs'should be-fabricated under well controller4
shop conditions to obtain 'optimum molded&plug .-erminations.-

3. Protection of cable and plug assembly from damage
by~rough handlin~g wh~en equip'ment is being installed or removed.

MULTfFUNCTION DESIGNS

Ideally, a family of 'Cables foý deep ocean applications
should c'onsist of a limited number of basic' types from which the
*system designer can choose the particular cables needed for a

* specific'system. These basic types could be manufactured,I ~certified, and stored ready for installation as the 'nieed arises.
The system designer, on the other hand, would like to prescribe
a specialized cable design for optimum performance of each system.

Z, Th~is con~flict is not unique to deeplocean applications, and a
compromise approach is recommended. The specification of

specialized cables for particular systems aboerd deep ocean
vehicles should be kept to an absolute minimum. It is realized,

or thedesire to minimize pregssure-hull penetrations will outw.eic*.-
tebehefits to be derived from the specification of standard

dep~p--submergence c'ables. In such- inistances, it is recormended
tha~tthe multifunction"'~ cable generated be system oriented. An

A exaqpleof this phil6sop~hy would be in an outboard TV view system.
The-.requirements might be for a coaxial cable or twisted pair fo~r
TV transmissio~n, power cables for lights, and control cables for
panandtilt motors..- In- such an .application, a -multifunction

design 1Tr97y prove desirable. ,Before any multifunction designs are
approved, a survey should be'made to determine if the addition

of one or two conduptor types would render the design useful in4 another system.
initial deve.lopment wor'k has. concentrated on standard

p6wer, control, and communications types. E~xperience-gained onI
the materi'ls and techniques from *deep oceansimulation on the
standa~rd cables can be direct'y appýlied, to multifunction designs
as the need for these cables *afises..

4

- 111-20

?-. --



O of tim min problem areas which occur in multifunction
dig is ensuring electromagnetic compatibility. Extreme care
R ast be taker, in combining power and control circuits with
sensitive types, if interfqrence is to be avoided. It is
4rmpractical to furnish instructions to aid the cable designer
with specific applications., A thorough understanding of the way
interferencP is propagated, both through the electric and magnetic
fields, as-well as a knowledge of methods of supprebsing
interference is required, coupled with an understanding of the
particular system operational limitations (both frequency and
signal level). Interested readers 4re referred to the Shielding

'section of this handbook. . , -

it is generally expected that there will be a tendency to
include, within a cable, coiiductors of-all types equal in number
to the maximum nurmber of pins that can be accommodated in a
penetrator. It should be appreciated that this 'may result in a
heavier cable requrrirng a correspondingly larger radius of'
Purvcture for forming it into a bend. Carried to- extremes this
practice could lead to unwieldy cables, and any attempt to reduce
the radius of bend could damage both cable and connector.

A
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4nLSUzXEMS TCDCIMAL 1NFONLATION

GLOSSARY

"ABRASION tZESISTANCE - A imasure of the ability of a wife, wire

covering or material to resist surface wear or damage by
mechanical means.

ACCELERATOR - A chemical additive which hastens a chemical
reaction under given conditions.

AGING - The change in properties of a material with time, under
specific conditions. A

AMBIENT TEMPERATURE,- The temperature of a medi~u.., such &s gas
--or liquid, surrounding an object. -

AMERICAN WIRE GAUGE (AWG) - The standard system used for
designating wire size.

AM•PACITY - (See-Current-Carrying Capacity. )

ARMORED CABLE - A cable provideA with a wrappirg or braid of

metal, usually steel or aluminum wis, primarily for the
purpose of mechanical protection an tensile strength.'
a a s ni

, ATTENUATION - Power ;loss in an electrical system. Attenuatiorn of
a transmission line•is generally expressed in db per uniz
length, usually 100 feet. P

BERRYLLIUM- A conductor metal which is lighter than aluminum and
normally used alloyed with other metals. (See text on
Conductors.)

BINDER - Helically applied tape or thread used for holding
assembled cable components in place until additional
manufacturing operations are performed.

BOND STRENGTH - Amount of adhesion between bonded surfaces.

BOOT - Protective covering over any portion of a cable, wire, or
connector in additon to the normal jacketing or insulation. .

'1RAIb ANGLE - The angle between the axis of the cable and the
axis of any ohe member or strand of the braid (also kncu,%n 4w
as angle of advance.)

IVI



BREAKDOWN VOLTAGE - The voltage at which the insulation between
two conductors will break down.

BUNA RUBBERS - (See text on Insulation Materials.)

BUNCHED STRANDING - Term applied to a group of strands twisted
together in a random manner in the same direction in one
operation without regard to geometric arrangement of specific
. trands. (See text on Conductors.)

BUTT WRAP - Tape wrapped around a core or conductor in an edge-
to-edge condition.

BUTYL RUBBER - A polymer of isobutylene with small amounts of
isoprene. (See texton Insulation Material.)

CABLE r A cable is an assembly of one or more conductors,
usually within an enveloping protective jacket, in such
structural arrangement of the individual conductors as ýwill
permit their use separately or in groups.

CABLE ASSEMBLY - A cable with plugs or connectors on each end.

CABLE TROUGH - Protective path in which electric cables are
installed to prevent mechanical damage

CABLING -. The method by which a group of insulated conductors

is mechanically assembled (or twisted together.)

CADMIUM - CHROMIUM - COPPER - 'A high-stfength conductor alloy.
.(See text on Conductors.)

CADMIUM COPPER 7 A high-strength conductor alloy. .(See text on

*Conductors.)

CAGED ARMOR - Armor wires within a jacket often used in submarine
cables.

CAPACITTVE COUPLING- Transfer of energy between two or more
circuits, through the effect of the capacitance mutual to
the circuits.

cgRRIER - The basic woven element of a braid consisting of one
or more ends, (strands) which create the interlaced effect.

CHARACTERISTIC IMPEDANCE - Characteristic impedance of a uniform
line is fhe ratio of an applied potential difference to the
resultant current at the point where the potbntial difference

I• is applied, when the line is of infinite length.

IV-2
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CHLOROSULFONATED POLYETHYLENE (IIYPALON) (See text on Insula-i-n,
Jackets.)

CIGARETTE WRAP - Tape insulation wrapped longitudinally insteai
of helically over a conductor.

$ 1 CIRCULAR.MIL - A unit of area equal to the area of a circle whcse
diameter is 1 mil (0.001 inch); equal to squarelmil x 0.73540.

i 4Used chiefly in specifying cross-sectional areas of round
conductors.

CLADDING- A method of applyinq a layer of metal over another -=ta-
-whereby the junction o' the two metals is continuously weLde.

COATING - A material applied to surface.of a conductoZ to pre':ent
corrosion and facilitate soldering and improve performa2.zce.I (See text on Conductors.)

COAXIAL CABLE - A cylindrical transmission line comnprising a.
conductor centered inside a metallic tube or shield,'
separated by a dielectric material, and covered by an
insulating, jacket. ( ..

COLD FLOW - Permanent deformation of material due to mechanicaL
force or pressure (not due to heat softening).

COLD WORK - Hardening and'embrittlement of metal due to rezea;:. .
,flexing action.

COLOR CODE - A color system for wire or circuit identificaticn
by use of solid colors, tracers, braids,°or surface prin.. ng.

COMPACTED CONDUCTOR - Stranded conductor which is rolled to defor-
the round wires to fill normal interstices between the wires in
in a stranded conductor.

SCOMPATIBILITY - Ability of materials to operate in close proxn-.ity
without degrading physical or electrical properties.

COMPOSITE CONDUCTOR - Conductors formed of combined metals. (See
text on Conductors.) "

CONCENTRIC STRAND - A strand that consists of a central wire cr
I core surrounded by one or more layers of helically layed1 "wires. (St-e text on Condubtors.)

CONCENTRICITY - In a wire or cable, the measurement of the lozaticn
"of the center of the conductor with respect to the geometric

I center of the circular insulation.

"•IV-
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CONSDUCTIVITY - The ability of a materialto #11ow elcrcr4 to [
flow, measured by the current per unit of voltage applied.
It is the reciprocal of resistivity.'

two or more conductors.

"CONTINUOUS VULCANIZATION 'CV) After a rubber or'xubberlike
compound is extruded on to a conductorp the wire is tlen .
passed into a vulcanizing chamber where the insulation or

- jacket is contintously vulcanized under high-temperature
control.

CONTROL CABLE - A cable used for remiiote control operation of any
type of electrical power ecuipment.Ar

COPPER-COVERED STEEL WIRE - A type of high-ptrength conductor,
(See text. on Conductors: )

CORE - In cables, a term used to express a component or ass y
of components over which other materials are applied, such
as shield, jacke~t, sheath, or armor.

CORONA - The ionization of gases about a conductor that results
when the potential gradient reaches a certain value.

0
CORONA RESISTANCE - The time that insulation will withstand a

"specifi~d---evel of field-intensified ionization that does no:
result in the immediate complete breakdown of the insulation.

COUPLING - The transfer of power, by proximity, butween two ol:
more cables or components of a circuit.

SCRAZING - Minute ý;racks on or 6ear the 3urface of materials.

CREEP - The dimensional change with time of a material under

load.

CREEPAGE - Electrical leakage on a solid dielectric surface."

CROSS LINKING - The setting up of chemical links between the
molecular chains.

CROSSTALK - Signal interference between nearby conductors caused
Sby the pickup of stray eneraqy.

CURE - To change the physical properties of a material by

.hemical reaction, by the action of heat and catalysts,
alone or in combination, wish or without pressure.

4IV-4
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~ Cia.! -The nazz current a c~onductor can
carry without-iheatin? beyonid a safe linlit.

t CgT-THROL1GH RbSISTA1WCE - Ability of a material to- withstand
I penetration by a solid objctcy.,

DECIBEL (cdh) -The decibel is a dimensionlqss unit for express1ing
the rhtio of fWo values,.of pqvwer or voltao.

DELAMINATION - The separation of1ypsina 'lmnae) tftuh,
fai'lure of the bond or adhesive.

DIELECTRIC -An elect~ric insulating (nonconducting) mediLM4 .

DIELECTRIC AJSORPTTON -A( ch-aatrsiofde"crcs.h

determines the amount of time it takes a capacitor to
deliver tfie tbotal amount '6f 3 - Stoe nety

DIELECTRIC $DREAKD%4N 7 Any change I 'n the rPtisoa

dielectric that caases it to become conductive.

DIELECTRIC CONSTANT- Also called 'permitti~vity. Trhat .pr6p`6rty*
ofadiele.ctric which determine tfie amount of electrostati

dnergy. that 'can be st6rmd 'by~he material when a given-
Nioltage is applied to it. Actual~ly, ýhe' rtio. of the

capcitr uingthedije tr~ o the capacitance of an
-identical capick-tor u'-sing% vacuum as dielectric.-

DIRECT COUPLING -Direct coupling is the association of twQ or
more circuits by means of self-inductancý., capacita~nce,L

resistance, or a bombinatiofi of these which is corm-on t ~
circuits. I

DIELECTRIC LOSS -The power dissipated 'in a Zlielect*'xc a's the
result of the friction produced by mblecular motion when
An alternating electric6 field is applied.

"It I '

DIELECTRIC PHASE A1NGLE -The an~ular. dif erence in Vhase 4etween
the sinusoidal alternatting potentia( difference'applied to"
a dielectric and the componpnt of the resulting at 0r nti n c

*current having the' same ppriod 4s the potential difference.

DIEL~ECTRIC~ POWER FACTOR -ThZ cosine of.-the dielectric' phase *

DIELECTRIC' STRENGTIf' - The' voltage which an i.nsul.ating na~teri~al
cAwithstand before breakdown occurs, usually expressed,

as a voltage gradiqnt (such as volts per mil.)

IV-5
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DIELECTRIC TEST (PROOF VOLTAGE) - Tests which consist of the
"application of A voltage higher than the rated voltage for
a specified, time for the purpose of determining the adequacy
against breakdown of insulating materials and spacings under
normal conditions.

SPDISTURB:ED CONDUCTOR - filA f nt conduco orenexernal
_ geneTUraED byNDTOR A conductor that receives unwanted energy

generated by ths field of another conductor or an external
k•,source. - , :

DISTURBING CONDUCTOR - A conductor carrying energy that creates
.,spurious signals inAanother conductor.

DOUBLE-FACED TAPE - Fabric tape fiiiished on both sides with a
rubber or synthetic compound,

DRAIN MIRE ,- In a cable an uniasulated wire laid over the
component or components and used as a ground connection.

ECCENTRICITY - A measure of the center of a conductor's location
"with respect to the,circular cross section of the insulation.
E xpressed as a per.centage of center displacement of one circlewithin the other.

EýASTPMER - A material which under tension stress at room,
. temperature, elongates tc, at least twice its.length and

*ii returnsso• its, original length upon ree of the tension
stress.

,EjONGATION The fractional increase :n length of a material
"stressedvin tension. .

ENVIRONMENTAL STRESS, CRACKItJG RESISTANCE - Property of a material
* wnereby it will not readily develog or propagate cracks when,, 0 maintained in a stressed condition in a contaminating

envirdnment.

ETHYLENE PVOPYLENE RUBBERS - (See text on Insulations.)

EXOTHERMIC - Chemical reaction in which heat is given off.

EXTRUSION Methodof forcing plastic, rubber, or elastomer
material through an orifice in continuous fashion to apply
insulation or jacketing to a conductor'or cable.

IV-6
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FATIGUE RESISTANCE - Resistance to metal crystallization which
leads to breakage of conductors or'wires because-of
flexing.

FILLED TAPE - Fabric tape whiich has been thoroughly filled with
a rubber or synthetic compound, but not necessarily
finished on Oither sidewith this compound.

FILLER - Materials used in multiconductor cables to occupy the
interstices formed by the assembled conductqrs. Also, a
substance, often inert, added to a plastic lo itprove
properties and/or crease cost.

FILM - Sheeting-liaving a nominal thickness not greater than
0.010 inch. -

FLAME RESISTANCE Abilityaof the material to extinguish flame
- once.the sourse of heat is removed.

FLEX LIFE -- Number of cycles of repeated flexing that a mater'

Will withstand before failure.

FLEXURAL STR6NGT-H`-- The strength of a material in'bending.-.

FLUORINATgD ETHYLENE PROPYLENE (FEP). - (See text on Insplation.)

I FREE'FLOODINq ABLE A cable in which the'insulated conductors°•are 6xpop• to the surrounding medium,°"

GLASS FIBERS -d i yarn servings and braids and as strength
-members. Hih tensile strength, nonflammability, flexibilit-.
and resistance t6 mositure and high, temperatures are
characteristics of qlas~s fibers. -

HARNESS I A,group of conductors laid pararlel or twis'ted by hand,
usuall with many breakouts, lraced or bundled together, or
pulle•'into a rubbia or plastic jacket, used to interconnect

electrical circuits. Also a group of cable assemblies. j

HEAT tNDURANCE - The length of time that a material can withstand
heat aging before failing a specific physical test.

A •iHEAT SEAL - A method of sealing a tape wrap insulation or jacket
by means of thermal fusion.

HYGROSCOPIC - Tending to absorb moisture.

*IV -7
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.HYPALON - Chiorosulfortated polyethylene. (See text on Jackets.)

j.This material is ?roprieiary to Du Pont.)

IMPACT STRENGTH TEST - Test for ascertaining the punishment a
cable can withstand without physical or electrical breakdown,
by impacting with a given weight, dropped a given distance,
in a controlled environment.

IMPEDANCE - The total opposition offered by a circuit, cable,
or component to alternating current. It incldes both
resistance and reacte nd is generallyX sed in ohms. .

IMPREGNATE To fill the voids and interstices of aterial with
"a compound.

INDUCTIVE COUPLING - Transfer of energy between two or more
circuits through the effect of the inductance mutual to the

. circuits,

"INSULATION - A material havinrgood dielectric properties which

ii used to separate close electrical components, such as
cab.ke conductors and circuit components. V

INSULAT SISTANCE - The resistance offered by the insulation,
of a ccductor to the current resulting from an-impressed
direcV oltage.

INTERFERENCE - Disturbances of an electrical or electromagnetic
nature that introduce undesirable responses into other
electronic equipment.

"IONIZATION - Generally, the dissociation of an atom br molecule
into positive or negative ions or electrons. Restrictively

* •' tjie state of an insulator such that it facilitates the
passage of current due to the presence of charged particles

j .usually induced artificially.I o

IONIZATION VOLTAGE - The potential at which a material ionizes;
-i ' -the potential at which an atom gives up an electron.

IONOMER (SURLYN*) - A cross-linked polymer insulation with thermo-
plastic properties.

-1 RADIATION - The exposure of a material to hig.,-energy emissions.
In certain insulation for the purpose of favorably altering

Sthe molecular structure.

*Trademark - E. I. du Pont de Nemours and Company. e"
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JACKET - A continuous rubber or synthetic covering,-5metimes
fabric reinforced, over the insulation, core, or sheath of
a cable. An outer jacket is sometimes referred to as a
sheath.

JUNCTION BOX (PRESSURE COMPENSATED) - Fluid-filled enclosure
used.for interconnecting wires or cables.

KNUCKLING - Kinking, as of a conductor subjected to column lcading.

LAY - Pertaining to wire and cable, the axial distance required
for one cabled conductor or conductor strand to comple~te
one.revolution about the axis around. which'it is cabled.

LAP WRAP - Tape wrapped around an object in an overlapping
condition.

LONGITUDINAL WRAP (CIGARETTE WRAP) - Tape applied longitudinally,
with the a;is of the core being povered as opposed to a

helical tape-wrapped core.

MARKER TAPE - A tape laid longitudinally within a cable bearing
printed information, such as the manufacturer's name and the
specification to which the cable is made.

MARKER THREADS - A colored thread or combination of colored threallayed para -llel and adjacent to the strands of an insulated

coaductor which identifies the wire manufacturer and sometiz=Z
the specification to which the wire is made.

MIGRATION OF PLASTICIZER - Loss of plasticizer from an elastomeri.
plastic compound with subsequent absorption by an adjacent
medium of lower plasticizer concentration.

MIL-0.001 inch (1/1000 inch), One lOOth of an inch. A unit used
in measuring diameter of wire or thickness of an insulation
over a conductor.

DMNERAL INSULATED - (See text On Insulation.)

MOISTURE ABSORPTION - Generally, the amount of moisture in per-
centage that an insulation or jacket will absorb under
specified conditions.

MOISTURE RESISTANCE - The ability of a material to resist
"absorbing moisture from the-air or when immersed in water.

IV-9
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MOLDED PLUG - Watertight cable terminations suitable for mating
with receptacles. r

NATURAL RUBBER - Isoprene. (See text on Irsulation.)

NEOPRENE - Polychloroprene. (See text on Jackets,)

NBR - Aifrile, butadiene rubber..(See text on Jackets.)-

NBR/PVC - Nitrile, butadiene rubber/polyvinylchloride. (See
text on Jackets.)

NYLON - A generic name for synthetic polyamides. (See text
on Insulation.)

OIL FILLED CABLE - Pressure-compensated group of insulated
electric conductors contained within a jacket.•I

OZONE - An oxidizing agent. An allotropic form of oxygen,
usually form~ed by a silent electric dis'charge in air.

PAN CURED - Metlhd of vulcanizing. Coils of unvulcanized
insulated wire are coiled in pans and vulcanized underf pressure with live steam. I /

PENETRATOR - An electrostructural fitting mounted in the pressure
hull of a submersible vehicle or structure, for the purpose

of interconnecting internally and externally mounted
electrical equipments.

S-PERCENT CONDUCTIVITY - Conductivity of a material expressed as
a percentage of that of copper.

PERMEABILITY - (1) The passage of diffusion (or rate of passage)
of a gas, vapor, liqu4.d, or solid through a barrier withoutphysically or chemically affecting it, (2) 1ý measure of

how much better a given material is than air As apath for
magnetic lines of force. The permeability--of'air is
assumed as one. Permeability is the magnetic!induction. B
in gauss divided by the magnetizing force H in oersteds.

, - , PICKS -PER INCH - The-number of times the carriers in a braid
croqs over each other in the same direction llong the
longitudinal axis for each inch of length.

- PLASTIC DEFORMATION - Change in dimensions of an bject under
,load that is not•recQvered'when the doad is/removed.

1 1



PLASTICIZER - Chemical agent added to plastics to make them
*I softer ancT more flexible.

N PLATING - One method of applying a coating one metal oVer
k•! another.

POLYAMIDE (NYLON)- A polymer in which the structural units are
* ; linked b' amide or thioamide groupings.

POLYBUTADIENE - A type of synthetic rubber often blended with
other synthetic rubbers to improve their properties.

FOLYESTER - "MYLAR". (See text on Insulatipn.)

iOLYETHYLENE - (See text on Insulation.)

POLYIMIDE - Ahigh-temperature thermoplastic used in the form of

plastic film for coating wires.

POLYMER - A substai made of many repeating chemical units or
molecules. The term polymer is often used in place of
plastic, rubber, or elastomer.

POLYPROPYLENE - (See text on Insulation.)

POLYTETRAFLUOROETHYLENE (PTFE) - (See text on Insulation.)

"POLYTRIFLUOROCHLOROETHYLENE - This material approaches PTFE in
many pr erties but is characterized by somewhat lower hea=
resistatce.

POLYURETHANE -"(See text on Jackets.)

POLYVINYLCHLORIDE (PVCý - (See text on Insulation.),

POTTING - Sealing of a cable termination or other part with a

liquid composition which hardens into an elastomet or
solid plastic material.

PRESSURE COMPENSATINP FLUID - A liquid used to fill enclosures
"to protect components from deep sea environment. I

PRLMARY INSULATION - A nonconductive'material, usually the first
layer over a current-carrying conductor, whose prime
function is to act as an electrical barrier for the applied
potential. g

QUAD - A four conductor grouping, normally twisted, within
a cable.

!{ IV-ll
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give dimensional stability to';another material such as
Sthe braid portion of a jacket constructed in layers.

RIBBON CABLE - Flat cable with parallel insulated conductor%,
usually Wlimited-to relatively small conductors of

S~approximately the same size.

ROPEa'LAY CONDUCTOR OR CABLE -(See te.;xt on Conductors.)

SRUBBER - An elastomer capable of rapid elastic recovery.
• ~Spedifically," natural rubber, the standard of

comparison for elastomers.SSECONDARY INSULATION A A nonconductive material whosengte

givedimesioal sabiity o anthe matria suchma

j functions are to protect the conductor against abrasion
RI and provide a second electrical barrier. Placed over the

primaly insulltion.
SSEMICONDUCTING JACKET -CA jacket having a sufficiently low

SAresistance so that its outer surface can be kept at sub
stantially ground potential by a grounded conductcr in
contart with it at frequent inmeservals.

SEPARATOR - A layer of insulatingu material such as textile, paper?

Mylar, etc, which is placed between a conductor and its
dielectric, between a cable jAcket and the components it
covers, or bitween various components of a multiconductor
cable. It can be utilizied to improve stripping qualities

• and/or flexibility, or can offer additional mechanical orelectrical protection to the components it separates. It
SEPalso isolates incompatible cable materials.

SERVING A wrapping apphied over the core of a caboe or over

da wire. Servings may be in the form of filaments, wires,
cfibers, yarn, tape, etc. "Served Wire Shield": Helically
wound wires used to shield cable.

fSHEATH - A covering, usually metallic, over a cable to provide
mechanical protection and/or improve performance. (Segt

Jacket.)

SLEEVING - A braided, anitted, or woven tube.

SHELF ,LIFE Length of storage time under specified conditions

2?

S hEatH a matcoering, usually metsuallicoeracbl oprvd

mechnica proectin an/orimpov eromace Se
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SHIELD - A lay2r, usually metallic, placed around an insulate'
conductor or group of conductors to prevent electrosta-ic
or electromagnetic interference between the enclosed wires
and external fields. (See text-on Shielding.)

"" %! .

SHIELD COVARAGE - The physical area of a circuit or cable
actually covered by shielding material, expressed in perzent.

SHIELD EFFECTIVENESS.- The relative ability of a shie]d to i.-Libi-
4 the transfer of energy between electrical/electronic
circuits. Not to be used interchangeably with the term.
"shield percentage coverlage." " [

SHRINKABLE TUBING - A nonmetallic tubing which shrinks to a :re-
determined size upon application of heat 6r solvent
evaporation. Used to provide insulation or mechanical
pro;tection to wires, cables, splices, or terminations.-

SILICONE - (See text on Insulation() .

SINGLE-FACED - Fabric tape finished on one side with a rubber or
synthetic compound.

SOLID CONDUCTOR - A conductor consisting of a single wire. :See
text on Conductors.)

,j SPIWRAP - Protective plastic wrapping applied helically cve:
cable jacket, at points where abrasion is anticipated, -:0
prevent mechanical degradation of the jacket.

STABILIZER - An ingredient used in some plastics, to maintal--

i physical and chemical properties throughout processing =nd
service life.

STRANDED CONDUCTOR - A conductor composed- of a group of wires.
(See text on Conductors.)

STYRENE-BUTADIENE RUBBER - (SBR) ,.(See text on Insulations.)

SUBMARINE CABLE - Cable used underwater from one point to anzther4 for power or communication. 'Cable used outboard on Na-:
underwater vehicles.

SURFACE LEAKAGE - The passage of current over the boundary
surfacesof :an insulator as distinguished from passage

IV-13



TAPE- A relatively narrow, woven or cut, strip of fabric, paper,I or film material.

STEAR STRENGTH -- The force required to initiate or continue a
tear in a material under specified conditions.

TENSILE STRENGTH - The pulling stress required to break a given
specimen. .i

TEMPERATURE RATING - The maximum temperature at which the
insulating and jacket materials may be used in continuous 4;

A operation without loss of itt basic propetties.

THERMAL EXPANSION (COEF. OF) - The fractional change in length
(sometimes volume) of a material for a unit change in

"0 temperature.

THERMAL SHOCK - The resulting characteristics when a material is
subjected to rapid and wide-range changes in temperature
in an effort to discover its ability to withstand heat and . j•
cold.

THERI4OPLASTIC- A classification of resin that can be readily~
softened and resoftened by repeated heating. (See text on

SInsulation,.)

THERMOSETTING -A classification of resin cured by chemical
reaction when heated, and when cured, cannot be resoftened
by heating. (See text on Insulation.)

TUBING - Extruded nonsupported plastic or elastomer materials.

TWISTED PAIR - TwO'small insulated conductors twisted together,
but having no common covering.

DIREQTIONAL CONCENTRIC STRANDING - A stranding where each

successive layer has a different lay length, thereby re-

taining a circular form without migration of strands from
one layer to another. (See text on Conductors.)

j! ",on onu rUINDIRECTIONAL STRANDING - A term denot g t in a stranded
conductor all layers have lhe samý direction of lay. (see
text on% Conductors.)

IV-14 i
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4 1 VELOCITY OF PROPAGATION - Applied to coaxial cables, velocity of
propagation is the ratio of the dielectric constant of air
to the square root of the dielectric constant of the
insulator. It indicates the transmission speed of an

oF electrical signal down a length of cable as compared to
speed in free space.

4• V
VOLTAGE STRESS - That stress found within a material when it is

stibjected to an electrical charge.

VULCANIZATION - A chemical reaction 'in which. the physical prop-
Serties'°f an elastomer are changed by reacting it with sulfzror other cross-linking agents. .

WALL THICKNESS - A term used to express the thickness of d layer
of applied insulation of jacket.'

WAr"R ABSORPTION - Ratio of the weight of water absorbed by a
material to the weight of theidry material.

WATERLOCKED CABLE -- cableconstructed with no internal voids

to prevent any longitudinal water passage under a given
0- pressure.-

WIRE GAUGE -. A systao noimerical designations of wire sizes.
(e.g., American Wire Gauge (AWG)).

i
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Table IV-!
Standard Navy Conductor Data, Concentric Strand

N mber Deameter Max. cb3ductor WeightNumbeo Strand Diameter I 'sea resistance (d. c.) per
Standard of diameter over area of per 1000 feet 1000IscoWtr st Nomi onductor conal .tor at 250C Weetconductor

sieNomiral Nominal Nomlmal Nflnimum Bze Coated Approx.

•, M~mum (Inch) (Inches) (Cir. mls) (Cir, mls) (Ohms) (Ohms) (Pounds).

17 7 0.013 0.038 1,9119 ,0 .. 89 10.3 3.4

2(7) 7 .016" .048 1,779 1,743 6.25 6.50 5.5
3(7) 7 .020 .060 2,828 2,771 3.92 4.07 8.7
3(19) 19 .013 .063 3,036 2,975 3.864 3.80 9.3"

4(7) 7 .025 .076 4,497 4,407 2.4 252 , - 14

6(7) 7 .031 .092 6,512 6,382 1.69 1.73 20
9(7) 7 '.036 .108 9,016 8,836 1.23 1.25 28

14(7) 7 .045 .136 14,340 14,050 0.770 0.784 44

23(l) 7 .057 .171 22,800 22,340 .486 .493 70
30(19) 19 .040 .202 30,860 30,240 .358 .365 95
40(19) 13 .045 .226 38,910 38, 130 .281 .288 120

5%0(19) 19 .051 .254 49,0801 48,100 .225 .228 150
60(37) 37 .040 .282 60,090 58,890 .185 .189 190

*75(37) 37 .045 .317 75,780. 74,260 .146 .149 230

100(61) 61 .040 .363 99,060 97,080 .112 .115 310
125(f61) 61 .045 .407 kf'4, 900 122,400 .0888 .0904 390
X.S0(61) .051 .457 157,600 154,400 .0704 .0716 490

200(61) " 61 .057 .514 19C, 700 194,700 .0560 .0570 610
250(61) 61 .064 .577 250, 500 245,500 .0444 .0453 770
300(91) 91 .057 . t628 296,400 290, 500 .0375 .0382 910

350(91) 91 . 062 .682 3,49,800 342,800 .0316 .0321 1,100
400(127) 127 .057 .742 413 600 405,400 .0268 .0273 1,300
500(127) 127 .064 .832 521•'600 511,100 .)214 .0217 1,600 ".

650(12?) 127 .072 .936 657,600 644,500 .0169 .0172 2,000
qO0(127) 127 . 081 1.050 829,300 812,700 .0134 .0136 '2,600

1000(127) 127 .091 1.180 1,048,000 .1,025,000 .0106 .0108 3,200

1300(127)' 127 .102 1.325 1, 318, 000 1,292,000 .00843 .00851 4,100
1600(127) 127 .114 1.485 1,662,000 1,629,000 .00668 .00676 5,100
2000(127) 127 .128 1. G70 2,097,000 2,055,000 .00530 .00536 6,300
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Table 'IV-2
Standard Navy Conducto• Data, Bunch and Rope Lay Strand

S~idad"Number Diameter C setona M= conductor WeightNum St rand Dimtr Cosscinl resstance, (d. c.) per
Standard of tdameter over area of r (00 c.) per

cop•er strands conductor conductor per 1000 feet 1000at 250C.. feet
conductor oi l af

size Nominal Nominal Nominal Minimum Bare Coated Approx.
n (Inch) (Inches) (Cir. mils) (Cir. mils) (Ohms) (Ohms) (Pounds)

Bunch:
1/2(21) 21 0.005 0.028 - 525 515 21.1 22.2 1.6
3/5(7) 7 .010 .030 703 689 15.7 16.4 2.2

1(10) 10 .010 : .038 1,005 985 11.0 11.5 3.1,-
1(26) 26 .006 .042 1,034 1,014 10.7 11.2 3.2

1-1/2(16) 16 .010 .049 1,.608 1,576 6.88 7.17 "4.9
1-1/2(41) 41 .006 .049 1,630 1,597 6.78 7.15 5.0
2-1/2(19) 19 .011 2,426 2,300 4.75 4. 90 6.3
2-1/2(26) 26 .010 .061 -2,613 2,561 4.23 4.48 8.0
2-1/2(65) 65 .006 .061 2,594 2,542 4.26 4.51 8.0

4(41) 41 .010 .077 4 121 4,038 2168 2.81 13
.6(65) 65 .00 .76, 533 6,402 1.6 1.78 20

9(90) 90 .010 .120 9,045 8F864 1.22 1.28 28
14(140) 140 .010 .145 14 070 13, 790 .786 .823 43

Rope: °20(49) 7x7 .020 .180 19,800 19,400 .62 .582 61

23(228) 19x!2 .010 .190 22,910 22,460 .199 .523 73
26(49) 7x7 .023 .210 26,250 25, 730 .428 .440 82
30(304) 19x16 .010 .220 30,550 29,940 .374 .392 97

x33(336) V48 .010 .235 33,370 33 090 .344 .360 106
42(209) 19xll .014 .260 42, 110 41, 280 .272 .284 10

42(49) 7x7 .029 .260', 41,740 40, 910 .268 .275 13053(532) 19x28 .010 .304 53,470 52,400 .213. .218 169

60(304) 19x16 .014 .310 -61,260 60,040 .187 .196 1
66(133) 19x7-', .022 .330 66,370 65, 040 .171 .175 210S84(2107) 2107 ff 1/ .10 8,69 82, 020 .138 - .. 20

i'83(418) 19x22 .014 .`380 84,230 82,560 -1• 36 •.142 279O

105(2646) 2646 1/ .460 105,500 103,400- .108 ------ 34b
105(25 37x7 T/ .410 105,500 103,400 .108 .113 3360
133(3325) 3325- .'/ .520 133,100 130,2400 0876 08---2 430

714 330,1000 13378492

13g259) 37x7 V .460 8133,00 0,00 .0 .0892 1420
133(684 x .480 -37 800 -00 .0830 .0867 440150(760) 19x40 - .01 4 " .510 "153,1I00 150: 100 "•.0747 .0780 490

168(427) 61x7 1/ .120 167,0800 164,o00 .0681 .0710 530
200(988) 19x52 -.014 .580 199, 100 195, 100 .05751 .0600 1630 ..
220(259) 37x7 .09 .610 220, 700 216, 309 .0494 .05071 718
250(1254) 19x66 .014 .680 252, 700 247, 700 .0453 .0472 '800
250(6384) 19x7x48 ".d06 .713 250, 000 245, 000 .0461 ---- 821
300(259) 37x7 .034 .714 300, 000 294, 000 .0378 ---- 926
400 2052) 19x108 .014 .820 413, 500 405, 300 .0277 .20289 1, 300

•500(259) 57x7 .044 .922 •0{,00 40, 000- .02 ---- 58
"(300(4,27) 61x7 .038 1.013 •' 00,000 588,000 :0196 ....- 1,910

650(427) 61x7 .039 1.053 650,000 637,000 .0154 ------- 2, 070
800(4033) 37x109 .014 1.150 812,700 796, 500 .0141 .0148 2,600,

Y These are conductors for flexible cables, 'for which the minimum number of strands .nd n:nnimum
area are specified. The individual stran}d diameter is determined from the required area andl tie

actual number of strands,used.
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Table iV-4
Standard AWG Conductor Data, Rope Lay Strand
1!!

:!. '-•" t•-i " Concentric Lay Member ' Con~centric Lay M.ember

Wire •ba'of Class G Class H

NuberDiameter Number of DiameterN uu.bererS•Wire 'Siction Number of Strands Strands in Number of Strands" Stran•-'

Size "Nominal of Nominai Each of Nominal .in Each

IAWG Cir~ular mils Strands mils Member Strands mils Me.-ber
0000 *1,600 133 39.9 7 259 28.6 /7

--- 0,00 X67,800 133 35.5 7 259 25-.5 7

S0 105,600 1-S33 -...28-.2- 7' 259- 2 0. .-2- 7-

, 1 83,690 133 25.1 7' 259 18.0 7 I.
2 66,360 49 36.8 7 133 22.3 k 7
3 52,620 49 32.8 7 133 19.9 7
4 41,740 49 29.2 7 1-33 17.7 7
6 26,240 49 23.1 7 133 14.0 7
8, 16,510' 49 18.4 7 133 11.1 7

10 -i0,180 49 14.6 7 - - I-
12 6,530 . 49 11.6 7 - -"
14 4,110 49" 9.2 7 7.- J

t'.
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,•..Table IV-5Pdrmula For Calculation of ShieldCvr-ae

K = 100 (2F - F 2 4

where

K = Percent Shield Coverage

F =NPd/Sin a

Tanja = 27 DP/C

a = acute angle of braid with axis of cable

d =diameter (inch) of individual braid wires

-diameter (inch) of cable und"Iraid* "

A4 1 = number of wires in carrier

Sc =.number of carriers

P = picks per inch of cable length.

Table IV-6
, Nominal Specific Gravity of Insulating Materials[ I'

- Material - Specific Gravity•iTBE 2.15

• PEP 2.15Polyvinylidene Fluoride 1.76

IFEP/Polyimide Film 1.67
SIolyester Film 1.40

Semirigid PVC 1.39
PVC 1.38
Neoprene" 1.38
"3P Rubber 1.30
Fire Resistant Polyethylene * 1.29
Polyethylene/Polyester Film 1.26
Polysulfone 1.24
Polyurethane 1.12
Nylon 1.09 V

"i Polyethylene 0.92
Polypropylene 0.91
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,Table IV-7
Nomenclature of Frequency Bands

""I i

fB a

SNumber Frequency Range Metric Subdivision Adjectival Designation

- 2 30 to '300 hertz Megametric waves ELF Extremely low frequency
3 300 to 3000 hertz VF Voice frequency
4 3 to 30 kilohertz Myriametric waves VLF Very-low frequency
5 30 to 300 kilohertz Kilometric waves LF Low frequency

300 to 3000 kilohertz Hectometric waves MF Medium frequency7 to `30 megahertz Decametric waves HF High frequency

8 30 to 300 megahertz Metric waves VHF Very-high frequency
9./ 300 to 3000 megahertz Decimetric waves UHF Ultra-high f-requency

410 3 to. 30 gigahertz Centimetric waves SHF Super-high frequency11i 30 to 300 gigahertz Millimetric waves EHF Extremely high freqbency
S12 300 to 3000 gigahertz or Decimillimetric waves -

• •I -• "3 t e r a h e r t z -A1 )"Band Number N" extends from 0.3xl0N to 3xiON hertz. The upper limit is included in

each band; the lower limit is excluded.'

ýA

- TablI IV-8
Depth in Ocean Versus Pressure

Depth of Ocean Pressure
"Feet Fathoms Meters psi

"" 0 0 0 0

100 16.7 30.5 44.4
"200 33.3 61.0 89.0
300 50.0 91.4 133.6
"400 66.7 121.9 178.3
500 83.3 152.4 223.1
"-600 100.0 182.9 268.0
700 116.7 213.4 312.9
800 133.3 243.8 358.0
900 150.0 274.3 403.11,000 166.7 304.8 448.3

2,000 333.3 610 890
"3,000 500.9 914 1,336
4,000 666.7 1,219 1,783"i !ý,000i 833.3 1,524 2,231..

.6,000 1,000 1,829 2,-80
"7,000 1,166.7 2,134 3,129
8 7,000 1,333.3 2,438 3,580

. 9,000 1,500.0 2,743 4,031
1.. 10,000 1,666.7 3,048 4,483
15,000 2,500.0 4,572 6,757
2-0,000 3,333.3 6,096 9,052 1

1 25,000 4,166.7 7,620 11,361
30,000 5,000 9,144 13,697

"4.35,000 5,833.3 10,668 16,055
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ii~
Table IV-9

Galvanic Series in Seawater

• Two dissimilar metals connected by a c:nductor form in
sea water a galvanic cell. If the two metals are in different
"groups (separated by spaces), the metal coming, first in the
series - starting from corroded end to protect'd end - will be
anodic, (i..e., corroded by the metal contained-in the group
farther from the corroded endy. If the two metals are in theI same group, no appreciable dorrosive action will take pla'.

" Corroded end (anodic) Lead
S: ~Tin

Magnesium
Magnesium alloys " Muntz metal

Manganese bronze
Zinc Naval brass
Galvanized steel
Oalvanized wrought irbn' Nickel (active)

Inconel (active)A ýAluminum: /i •

52SH, 4S, 3S, 2S, 3ST Yellow brass "
Alumiijum clad S Admiralty brass ',

Aluminum bronzeCadmium / Red brass i /.
/ ' ~~Copper i ,-

Aluminum: I Silicon bronie
AI7ST, ljST, 24ST Ambrac

Mild steel 70-30 copper nickel
Wrought iron Comp. G, bro ze.
Cast iron .= Comp. M, bronzeb
Ni-resist,\ Nickel (passive)

Inconel (passive)
13% chromium'stainless steel

(type 410-aitive) Monel
q •. 50-50 lead-tin solder

18-8 stainless steel type 304
18-8 stainlese steel type 304 (passive)

(active) 18-8-3 stainless steel type 316
18-8-3 stainless steel type 316 (passive)

(active).- Protected end (cathodic or most
noble)
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Table IV-10
Temperature Conversion Table

To use the table, find the temperature reading you have in
the middle column. If the reading you have is in degrees Celsius
(Centigrade), read the Fahrenheit equivalent in the right-hand
column. .If the reading you have is in degrees Fahrenheit, read
the Celsius equivalent in the left-hand column.

"C - F C F C F C F

-73 -100 -148 -17.8 0 32 10.0 50 122.0 38 100 21
-68 -90 -130 -17.2 1 33.8 10.6 51 123.8 43 110 23
-62 -80 -112 -16.7 2 35.6 '11.1 52 125.6 49 120 248
-57 -70 - 94 -16.1 3 37.4 11.7 53 129.4 54 130 266
-51 -60 - 76 -15.6 4 39.2 12.2 54 129.2 60 140 284
-46 -50 - 58. -15.0 5 41.0 12.8 55 131.0 66 150 302
-40 -40 - 40 -14.4 6 42.8 13.3" 56 132.8 71 160 320
-34 -30 - 22 -13.9 7 44.6 13.9 57 134.6 77 170 338
-29 -20 4 -13.3 8 46.4 14.4 58 136.4 82. 180 356
-23 -10 4 14 -12.8 9 48.2 15.0 59 138.2 88 190 374
-17.81- 0 + 32 -12.2 10 50.0 15.6 60 140.0 93 200 392

-11.7 ii 51.8 16.1 61 141.8 99 210 410
.11.1 12 53.6 16.7 62 143.6 00 212 413.6
-10.6 13 55.4 17.2 63 145.4 104 220 428
-10.0 14 57.2,/ 17.8 64 147.2 110 230 446
- 9A4 15 59.0" 18.3 6 149.0 116 240 464
- 8.9 16 60.8 18,9 6 150.8 121 250 482
- 8.3 17 62.6 19.4;7 152.6 127 260 500
- 7.8 18 64.4 20 0 68 154.4 132 270 518
- 7.2 19 66.2 20:6 /65 156.2 138 280 536
- 6.7 20 68.0 21.1 70 158.0 143 290 554
- 6.1 21 69.8 21.71 71 159.8 149 300 572
- 5.6 22 71.6 22.2/ 72 161.6 154 310 590
- 5.0 23 73.4 .22. 73 163.4 160 320 608
- 4.46 3 9. 283. 74 165.2 166 330 626
- 3.9 25 77.0 23 9 75 167.0 171 340 644

23.2 6 78.8 24.4 76 168.8 177 350 662
"- 2.;8 •7 80.6 2:0.0 77 170.6 182 360 680
3.3'2 28 82.4 23.6 78 172.4 188 370 898
3 1.7 29 84.2 26.1 79 174.2 193 380 716

- 4.1 30 86.0 26.7 80 176.0 199 390 734
- 0.6 31 87.8 2..2 81 177.8 204 400 752

0.0 32 89.6 27.8 82 179.6 210 410 770-•0.6 33 91.4 28.3 83 181.4 216 420 ý88

i.Il 34 93.2 28.9 84 183.2 221 430 8061.7 35 95.0 29.4 85 185.'0 227 440 824
•"2.2 '36 96.8 30.0 86 186.8 232 450 842
S2.8 37 98.6' 30.6 87 188.6 238 460 860

3.3 38 100.4 31.1 88 190.4 243 470 8M3 39 39 102.2 31.7 89 192.2 249 480 896
S4.4 40 104.0 32.2 90 194.0 254 490 914

5.0 41 105.8 32.8 91 195.8 260 500 932
.. 5.6 42 107.6 33.3 92 •197.6

.6.1 43 109.4 33.9 93 199.4

6.7 44 111.2 34.4 94. 201.2
"7.2 45 113.0 35.0 95 203.07.8 46 114.8 35.6 96 204.8
""8.3 47 116.6 36.1 97 206.6

S8.9 48 118.4 36.7 98 208.4
•9.4 49 120.2 37.2 199 210.2

37.8 100 212.01 1
Note: 1S . Degrees Kelvin (Celsius absolute) = C+273.18.

2. Degrees Rankine (Fahrenheit absolute) = °F+459.72.
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1-•' Table IV-1 1"
Fracion of an Inch w ~ ýIetric E~quivalent

Fractions of Decimals of Fractions if Decimals of I
an Tnch an' Inch Millimeters an Inch an Inch Millimeters

1/64 0.0156 0.397 33/64 0.5156 - 13.097
1/32 0.0313 0.794 17/32 0.5313 13.494

3/64 0..0469 1.191 35/64 0.5469 13.891
1/16 0.0625 1.588 .9/16 0.5625 14.288

5/64 0.0781 1.984 37/64 0.5781 14.684
?I 3/32 0.0938 2.381 19/32 0.5938 15.081

7/64 0.1094 2.778' 39/64 0.6094 15.478
1/8 0.1250 3.175 5/8 0.6250 15.875

9/64 0.1406 3.572 41/64 0.6406 16.272
5/32 0.1563 3.969 21/32 0.6563 16.669

11/64 0.1719 4.366 43/64 0.6719 17.066
3/16 0.1875 4.763 11/16 0.6875 17.463

13/64 0.2031 5.1.59 45/64 0.7031 17. P9
J 7/32 0.2188 5.556 23/32 0.718Q 18t256

15/64 0.2344 5.953 47/64 0.7344 18.653
1/4 0.2500 6.350 3/4 0.7500 -19.050

17/64 0.2656 6.747 49/64 0.7656 19.447
9/32. 0.2813 7.144 25/5i2 0.7813 19.844 -.

19/64 0.2969 7.541 51/64 0.7969 20.241
5/16 0.3125 7.938 13/16 '0.8125 20.638

21/64 0.3281 8.334 53/64 0.8281 21.034
11/32 0.3438 8.731 27/J2 0.8438 21.431

23/64 0.3594 9.128 55/64 0.8594 2).,828
3/8 0.3750 9.525 7/8 -0:8q50 22.225

25/64 0.3906 9.922 57/64 0.8906 22.622

13/32 0.4063 10.319 29/32 0.9063 23.019 F
27/64 0.4219 10.716 59/64 0.9219 23.416

7/16 0.4375 11.113 15/16 0.9375 23.813
29/64 0.4531 31.509 61/64 0.9531 24.209

15/32 0.4688 11.906 31/32 0.9688 24.606
53 31/64 0.4844 12.303 §3/64 0.9844 25.003
1/2 0.5000 12.700 1.0000 25.400

I-
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-- Ta'b3,6 IV-12
Unit Prefixes ii

I Multiples and Submultiples,. Prefixes Symbols

4 ~12,
l "0. 000 000 000 - 102 tera T

000 000 000 = 109 6giga G
1 000 000 = 10 mega M

- - 1 000 = 10 kilo k100 = 10 hecto h '
10 = 10 deka da

0.1 =10 deci d
0.01 = 10 centi c

0.001 = 10 milli mr
0.000 001 = 10-6 micro

0.000 00 001 = 10 nano n
30.000 000 000 001 = 10 Pico p

0.000 000 000 000 001 =10 femto f
0A 1.000 000 000 000 000 001 = 10 atto a _ _

i E

I 0

' i .--
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APPLICABLE SPECIFICATIONS

Military Specification MIL-C-17, Cables, Radio Frequency: Coaxial,
- Dual Coaxial, Twin Conductor and Twin Lead

Military Specification MIL-C-915C(NAVY), Cable, Cord and Wire,,
Electrical (Shipboard Use)

Military Specification MIL-C-2194E(SHIPS), Cables, Power and
Control, Reduced Diameter Types (Shipboard Use)

Military Specification MIL-I-3064,. Insulation, Electrical, Plastic -. -
Sealer

'Military Specification MIL-C-3432D, Cable and Wire, Electrical,
(Power and Control; Semi-Flexible, Flexible, and Extra-Flexible,
300 and 600. Volts)

Military Specification MIL-W-3861, Wire, Electrical (Bare Copper)

Military Specification MIL-I-3930, Ingulating and Jacketing
Compounds, Electrical (for Cable, Cord, and Wire)

Military Sppcification MIL-W-5086A, Wire, Electrica4Jb 600-Volt,.• Copper, Aircraft"•/

Military Specification MIL-C-15479B(SHIPS), CablesPower,
Electrical, Submarine, Navy Standard Harbor Defense

Military Specification MIL-W-16878, Wire, Electrical, Insulated,
High Temperature

Military Specification lj.L-C-23206(SHIPS), Cables, Speciaj
Purpose, ElectricalCl Speial

Military Specification MIL-M-24041(SHIPS), Mo-lding and Potting''1 .Compound, Chemically Cured Polyurethane (Polyether - Based)

Military Specification MIL-C-24145A(dHIPS), Cable, Electrical,
* Special Purpose, For Shipboard Use""

Military Specification MIL-C-24217, Connectors, Electrical,j Deep Submergence, Submar e./ ..

' Federal Specification CQ-W-343i Wire, Electrical ajd Non-Elzctrical,
Copper (Uninsulated)

V4
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Federal Specification L-P-390, Plastic, Molding Material,
Polyethylene, Low and Medihm Density

alp Federal Test Method Standard 228, Cable and Wire, Insulated;
Methods of Testing

General Specification for Ships'of the United States Navy,Sectionn 9620-2, Electric 'Cable

Al
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